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INTRODUCTION 


In the manufacturing, construction, and service industries, the 
forming and joining of metals by welding is the number one metal 
joining process, 


There is a need in modern industry for craftsmen with varying 
degrees of technical training and skill, and for welding engineers who 
are able to design weldments, and write specifications. 


This text, MODERN WELDING, which is written in nontechnical 
language, is intended for those who need a substantial background in 
welding fundamentals. It will help the student obtain a working knowl- 
edge of the properties and characteristics of metals, and common test- 
ing procedures. It is also intended for those now engaged in welding 
who want to increase their skills, and for those in industrial plants who 
are responsible for training welding and cutting operators. 


MODERN WELDING, which was prepared with the needs of both 
the apprentice and the journeyman in mind, provides up-to-date cover- 
age of the welding field inone easy-to-use volume. It covers a multitude 


of welding procedures; not only the more common gas, arc and resis- 
tance processes, but those used in aerospace and other modern in- 


dustries as well. 


A. D. Althouse 
C. H. Turnquist 


W. A. Bowditch 
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1-8 


Chapter 1 


OXYACETYLENE WELDING 
THEORY AND PRACTICE 


1-1. DEFINITION OF WELDING 


Welding may be described as a metal- 
working process in which metals are 
joined by heating them to the melting 
point, and allowing the molten portions 
to fuse or flow together. 


1-2. SOLDERING AND BRAZING 


Two other metal joining processes 
which are often confused with welding 
are Soldering and Brazing. 

When two metals, which are not 
melted, are joined by a third metal 
which has a melting point below 800 deg. 
F., this process is called soldering. An 
example of soldering is the joining of 
copper to steel using a lead-tin alloy. 

Brazing is done when two metals, 
which are not melted, are joined witha 
third metal which melts at tempera- 
tures above 800 deg. F. An example of 
brazing is the joining of two pieces of 
steel with a silver alloy. 

Manual welding may be defined as an 
art. The skill to weld and solder metals 
together can only be obtained after a 
diligent study of the methods and after 
careful and correct practice. In classi- 
fying welding as an art, it is meant that 
some persons can do welding better than 
others because of a seemingly natural 
gift, although it has been found that any 
normal person can, under good instruc- 
tion and by following the correct pro- 


cedure, in time become a successful 
welder. By saying that manual welding 
is an art, it is further meant that con- 
tinuous practice is necessary in order 
to maintain a high standard of skill in 
this kind of work. It is, therefore, rec- 
ommended that only proper equipment 
be used when learning welding, that only 
the proper metals be used for practice, 
that a thorough, fundamental procedure 
be followed, and that very careful 
supervision be given the trainee during 
the first practice sessions in order to 
correct early mistakes, 


1-3. DIFFERENT TYPES OF 
WELDING AND CUTTING 


The most common types of welding 
are: Gas Welding, Arc Welding, Gas 
Arc Welding, and Resistance Welding. 
Other types include: Atomic-hydrogen 
Welding, Thermit Welding, Cold Weld- 
ing, Ultrasonic Welding, Electron Beam 
Welding, Friction Welding,Laser Weld- 
ing, and Plasma Welding. 

Two popular types of cutting are Gas 
Cutting and Arc Cutting. All of these 
processes will be explained in detailin 
the chapters of this book. The oxygen- 
acetylene process will be studied first 
because: 

(1) The fundamentals of gas welding 
include fundamentals important to most 
other forms of welding. 

(2) The oxygen-acetylene process is 
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the most popular manual welding proc- 
ess and is slower and easier tocontrol 


than some other processes. 


ATMOSPHERIC 
OXYGEN 


AIR = AIR 
FUEL = GAS 
GAS 


ATMOSPHERIC 
OXYGEN 


Fig. 1-1, illustrates the three meth- 
ods of adding oxygen to a fuel gas to 
support combustion, 


ATMOSPHERIC 
OXYGEN 


OXYGEN Lc. 
ACETYLENE 


C 


Fig. 1-1. Several methods of combining oxygen and fuel gases to obtain various flame temperatures. 


1-4. GAS WELDING 


One of the most popular welding 
methods is to use a gas flame as the 
source of heat. This flame is produced 
by burning a fuel gas in the presence 
of the oxygen from the air, or from a 
pure oxygen source, or both, Fuel gas 
flames may receive their oxygen in 
three ways: 

1. From the surrounding atmosphere 
which: 

A, Gives lowest temperature. 
B, Is the least clean. 
C. Produces the least heat, 

2. Air, containing oxygen, is drawn 
in through holes in the torch. This 
process: 

A. Gives a higher temperature. 
B. Is cleaner. 
C. Gives more heat. 

3. By supplying pure oxygen under 
pressure to the fuel gases before they 
burn which: 

. A. Gives the highest temperature, 
B. Is cleanest. 
C. Gives the most heat. 


1-5. WELDING FLAMES 


Gas welding is the art of joining or 
fabricating various metals together by 
melting and fusing their adjoining sur- 
faces, It consists of applying a very 
intense concentrated flame on a metal 
until a spot under the flame becomes 
molten and forms a liquid puddle, When 
two metals melt or puddle, and the 
Fig. 1-2. Three oxygen-fuel gas flame adjustments. 
Carburizing flame at (A) has three distinct flame sec- 
tions. Inner cone on oxidizing flame (B) is sharp and 


pointed. Inner cone on neutral flame (C) is smooth 
and rounded. 


CARBURIZING 
FLAME 


AES —— — 


^ 


OXIDIZING 
FLAME 


= ae 


NEUTRAL 
FLAME 


C 


Eco 


OXYACETYLENE FLAMES 


Acetylene Burning in Atmosphere 
Open fuel gas valve until smoke clears from flame, 


Carburizing Flame 
(Excess acetylene with oxygen.) Used for hard-facing and welding white metal. 


Neutral Flame 
(Acetylene and Oxygen.) Temp. 63009, For fusion welding of steel and cast iron. 


Oxidizing Flame 
(Acetylene and Excess Oxygen.) For braze welding with bronze rod, 


Fig. 1-3. Color appearance of oxygen-acetylene flames. 
(Smith Welding Equip. Corp.) 
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molten pools run together, the edges of 
the two pieces become one. This process 
must be performed in a manner that 
does not extensively injure the metals 
which are being melted. 

Flame used for welding must have 
the following qualities: 

A. The flame must be of high enough 
temperature to melt the metals, 

B. A sufficient quantity of heat must 
be supplied to overcome heat losses. 

C. The flame must not burnthe metal 
(oxidize it). 

D. The flame must not add dirt or 
foreign material to the metal. 

E. The flame must not add carbon to 
the metal. 

F. The products of combustion should 
not be toxic (poisonous). 

The quantity of heat is determinedby 
the amount (cu. ft. per hr.) of gases 
burned. To obtain more heat, the tip 
orifice is made larger and more pres- 
sure is supplied to feed greater quanti- 
ties of the gas to the tip. Whether a 
large torch tip or a small torch tip is 
used, the temperature of the flame is 
the same. 

It should be remembered that the 
amount of heat generated, and there- 
fore the thickness of the metal which 
may be welded, will depend on the 
amount of fuel gas burned per unit of 
time. Therefore the amount of heat de- 
pends on the size of the torch orifice. 

There are several commercially 
used gas welding and cutting flames: 

1. Oxygen-acetylene (oxyacetylene). 

2. Oxygen-hydrogen. 

3, Oxygen-natural gas or artificial 


4, Oxygen-liquefied petroleum gas. 
1-6. THE OXYACETYLENE FLAME 


Harmful oxidizing or carburizing 
flames result when the wrong propor- 


tions of the two gases, oxygen and 
acetylene, are used. If too much oxy- 
gen is used, an oxidizing flame results; 
while if too much acetylene is used, a 
carburizing flame results. See Fig. 
1-2, which shows the various flames. 
The two harmful flames are easily 
recognized as explained in PAR, 1-13. 
The correct flame, which heats the 
metal and does not carburize or oxi- 
dize it, is called a NEUTRAL FLAME, 
A neutral flame is the result of a per- 
fect proportion and mixture of acety- 
lene and oxygen. In a neutral flame, 
these two gases unite with the result 
that the oxygen burns up the carbon 
and the hydrogen in the acetylene and 
releases only heat and harmless gases. 
The colors of the FLAMES are shown 
lu Ie lew. 

(Refer to CHAPTER 28 - for a de- 
scription of the chemistry of the weld- 
ing flame.) 

In chemical terms, acetylene * oxy- 
gen - carbon dioxide * water (vapor) * 
heat, The two gases formed, CO» (car- 
bon dioxide) and H3O (water in the 
vapor form), are considered harmless. 

Oxygen in the air surrounding the 
flame is also used to complete the 
burning process. This means that in 
crevices and corners where the air has 
difficulty getting to the flame, additional 
cylinder oxygen must be fed to the 
flame, 

The effect of an improper mixture of 
gases in the welding flame is easily 
recognized, and the final test for a 
neutral flame is determined by the man- 
ner in which the melting metal reacts 
to the flame. 

Dirt in a welding flame may come 
from two sources: 

A. Dirty gases. 

B. Dirty equipment, 

Good quality gases should always be 
used. The purity of the gases made by 
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the manufacturers should be noted and 
taken into consideration, A neutral oxy- 
acetylene welding flame will produce 
a temperature of 5,600 to 5,900 deg. 
F. An oxidizing flame will produce a 
slightly higher temperature. Tempera- 
tures required to melt various metals 
are shown listed in the table, Fig. 1-4. 
You will notice from this table, that the 
temperature of the oxyacetylene flame 
is sufficiently high to melt common 
metals, 


METAL MELTING TEMP. 
DEG. F 
/NOREG. a ee Ceara 1215 
BraS WOW). e e a a dE S e Ses 1640 
Brenzel(cgst)....e9 es see news 1650 
Tapeka NEU. eu a T 1920 
Ino ON EgSK. ro rr hme 2200 
Leci s anf d io career eee 620 
Steel BN2072 8 SAESI020 o -. oor ess 2800 
Slider oco alone 0 che 420 
HG) 535645 5 OTERCRUC ODD CI T NOTE EE 450 
nc EE ER M Lors IAS 785 


Fig. 1-4. Melting temperatures of 
some of the commonly used metals. 


1-7. OXYGEN-ACETYLENE 
WELDING EQUIPMENT 


Before discussing welding proce- 
dures, it is advisable to find out about 
welding equipment so its limitations and 
its possibilities may be kept in mind 
when learning the welding processes. 

Basically, oxyacetylene welding 
equipment consists of a source of supply 
of two gases, oxygen and acetylene, and 
a mechanism where the gases are safe- 
ly mixed and supplied to a torch tip, at 
which point they are ignited and a high 
temperature flame is produced, Fig. 
1-5, shows a complete gas welding 
station, In the order offlow ofthe gases 
through the equipment, the following 
apparatus will be found incommon use: 

A. Gas cylinders; oxygen cylinder, 
acetylene cylinder. 


B. Pressure regulators and gauges; 
oxygen regulator, acetylene regulator. 
C. Hose; oxygen hose,acetylene hose. 

D. Welding torch. 

There are two types of oxyacetylene 
welding torches in common use: 

1. Equal-pressure type torch. 

2. Injector type torch. 

As the name implies, the equal-pres- 
sure type torch operates on approxi- 
mately equal, orthe same, pressure for 
both oxygen and acetylene. This type 
equipment is the most common, 

The injector type torch operates on 
a relatively low acetylene pressure and 
a much higher oxygen pressure. 

See CHAPTER 2 for further details 
concerning the construction and opera- 
tion of each of these torches. 


1-8. ASSEMBLING OXYACETYLENE 
WELDING EQUIPMENT 


Proper handling of welding equipment 
is essential to safety, and to obtaining 
good welds and a reasonable amount of 
service from the equipment, 

Oxygen and acetylene cylinders are 
usually owned by the companies which 
furnish the gases contained inthe cylin- 
ders. A small rental, or demurrage, is 
charged for the use of the cylinders 
after a reasonable rent-free period. 
The remainder of the equipment, how- 
ever, is usually the property of the 
operator. 

Because of high pressure in the oxy- 
gen cylinder, and the ease of combustion 
of acetylene it is necessary that great 
care be used when handling cylinders, 
See PAR, 1-9 for further information on 
handling cylinders. 

Always wear approved welding gog- 
gles when welding. See PAR, 2-25, for 
specifications of welding goggles. 

Starting up and shutting down the 
equipment is the same regardless of the 


1-12 


OXYGEN 
REGULATOR 


ACETYLENE 
CYLINDER VALVE 
WRENCH 


ACETYLENE 
REGULATOR / 


= FUSIBLE 


=H | J PLUGS 


-1 


ACETYLENE 
CYLINDER 


FUSIBLE 
PLUGS 


Cà 


T 


OXY GEN 
CYLINDER 
VALVE 


EN 
OXYGEN -— 
SAFETY 
VALVE 


TORCH 
L— TORCH || 
OXYG 
EM IL] TORCH 
ACETYLENE 
VALVE 


ACETYLENE 


HOSE 
OXYGEN 
CYLINDER 
OXYGEN 
CYLINDER 
ACETYLENE CAP 


CYLINDER 
A 


I D 


Fig. 1-5. An oxygen-acetylene welding outfit. 


different operations, The recommended 
safety practices must be followed at all 
times. 

Before welding equipment is used, it 
is very important to make sure the 
equipment is properly assembled. 
Check to see if the gas cylinders are in 
good condition, The cylinders should be 
fastened securely so there is no chance 
of upsetting or dropping them. 

If the apparatus is portable, the cylin- 
ders should be fastened to the truck by 


means of steel straps or chains, The 
truck should be so designed that it is 
almost impossible to upset it acciden- 
tally. 

For stationary welding stations, the 
cylinders should be securely fastened 
to the wall, floor, or posts, by means 
of chains or steel straps. These safe- 
ty devices should be of a design which 
permits quick change of cylinders. 

Before attaching a regulator to a 
cylinder, the cylinder opening should be 
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blown out, by opening the cylinder valve 
slightly (cracking) and allowing some of 
the high pressure gas to blow through 
the valve opening to remove dirt par- 
ticles. Inspect the sealing surfaces and 
the fittings. Avoid using damaged or 
worn parts. The regulators may then be 
attached to the cylinder. Only fixed-end 
wrenches, having wide jaws, provided 
for the purpose, should be used on the 
fittings. Be sure that the regulator nut 
fits the cylinder valve fitting properly. 
Fuel cylinder valves are usually fitted 
with left-hand threads. Oxygencylinder 
valves are fitted with right-hand 
threads. The thread diameters on the 
two cylinder valves are also different. 
These are safety precautions as they 
make it impossible to change the regu- 
lators from one type cylinder to 
another, and thus mix the gases. 

A variety of cylinder and regulator 
fittings are in common use, See CHAP- 
TER 28, for a list of common cylin- 
der fittings. 

The hose connecting the regulators to 
the torch should be fastened firmly to 
the fitting. It should be installed ina 
manner that does not twist the hose when 
the torch is held inthe welding position. 
The torch when held in a welding po- 
sition should not strain the operator's 
hand, or make it necessary for the 
operator to twist the torch to get it in 
place. Also, the two hoses should not be 
twisted one around the other, Before 
fastening the hose to the torch, the hose 
should be blown out by opening the cylin- 
der valves and screwing inthe regulator 
screws, allowing acetylene, or oxygen, 
to escape through the respective hoses. 
Where pipe threads are used they should 
be sealed with pipe thread-sealing 
compound (such as glycerine and lith- 
arge paste) when assembling. 

Following the hose purging, the torch 
should be attached tothe hose. Note that 


on oxyacetylene welding equipment, the 
acetylene hose nipple nuts have left- 
hand threads, and the oxygen hose fit- 
tings have right-hand threads, Use only 
wide jaw, correct fitting wrenches, 
After the welding equipment is assem- 
bled, test for leaks. 

Leak testing is a very essential 
checking procedure. This testing must 
be done when installing any new cylin- 
der or any new part of apparatus, 

To test for leaks, the recommended 
procedure is to put soapsuds on the 
outside of the joints suspected of leak- 
ing. OIL OR FLAMES OF ANY KIND 
SHOULD NEVER BE USED. To test for 
leaks (read PAR. 1-11 first), turn the 
regulator screws out all the way, open 
the cylinder valve, and build up from 
5 to 15 lbs. of pressure inthe regulator 
and hose by turning the regulator screw 
in (clockwise) slowly. Then, apply the 
soapsuds solution to the joints. Leaks, 
if any, will be indicated by bubbles. 

When first using welding equipment, 
remember that the procedure is: 

1. Learn the proper ways to prepare 
the station for use. 

2. Learn the proper methods of ignit- 
ing the torch. 

3. Adjust gas flows for proper flame, 

4. Learn proper method of shutting 
down the equipment, 

The proper procedure for handling 
the torch and size tip to use are de- 
pendent on the type weld desired, kind 
of metal used, thickness of the metal, 
and structure (shape and position) of the 
metal in general. Instructions are in- 
cluded in PAR. 1-10 and 1-11. 


1-9. HANDLING FUEL AND 
OXYGEN CYLINDERS 


Welding cylinders, when properly 
handled, are quite safe. Improperly 
handled, they may be very dangerous. 
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Cylinders should never be dropped or 
allowed to tip over. The cylinder cap, 
enclosing and protecting the cylinder 
valve, should always be screwed onthe 
cylinder when the cylinder is notinuse, 
or when it is being moved, 

A cylinder in use should be firmly 
anchored in an upright position, and in 
such a way it cannot be tipped. Cylin- 
ders in storage should be kept at near 
room temperature. Avoid the storing 
or use of cylinders in extremely hot 
iocations, Check on local community 
building and fire codes and see toitthe 
cylinders are used and stored according 
to those codes. 


METAL THICKNESS DIAMETER WELDING TIP DRILL 


ROD 
1/16 1/16- 3/32 
1/8 3/32- 1/8 
1/4 5/32- 3/16 
3/8 3/16- 1/4 


numbers corresponding tonumber drill 
orifice size, When an operator becomes 
familiar with the operation of acertain 
manufacturer's torches and numbering 
system, it is seldom necessary torefer 
to orifice number drill sizes, 

Since the orifice size determinesthe 
amount of acetylene and oxygen fed to 
the flame, the orifice therefore deter- 
mines the amount of heat produced by 
the torch. The larger the orifice the 
greater the amount of heat generated. 

For practice purposes with a bal- 
anced pressure type torch, the tip sizes 
shown in Fig. 1-6 should give satis- 
factory results. 


PRESSURES 
SIZE OXY GEN-ACETYLENE 
60 - 69 4 4 
54- 57 9 5 
44-52 8 8 
40 - 50 9 9 


Fig. 1-6. A table of welding rod sizes and tip sizes used to weld various thicknesses of metal. Sizes listed 

in this table are approximate and will give satisfactory results. The size of the piece welded will govern the 

choice. When welding small pieces use the smaller tip and welding rod. When welding larger pieces use the 
larger size tip and welding rod. 


1-10. SELECTION OF WELDING 
TORCH TIP SIZE 


Welding torch tip size is designated 
by a number stamped on the tip. The 
tip size is determined by the size of 
the orifice. There is no standard sys- 
tem of numbering welding torch tip 
sizes. Each manufacturer has his own 
numbering system, For this reason, in 
this text, tip size instructions are given 
in orifice "number drill" size. Number 
drills consist ofa series of eighty drills 
number one through 80. The diameter 
of a number one drill is .2280 in, The 
diameter of a number 80 drill is .0135 
in. Note that the larger the number, the 
smaller the drill. See CHAPTER 28 
for a table of number drill sizes, and 
a table of manufacturers' welding tip 


If the torch tip orifice is too small, 
not enough heat will be available to 
bring the metal to its melting and flow- 
ing temperature, If the torch tip is too 
large, poor welds will result because 
the weld will have to be made too fast, 
the welding rod melting will be hard 
to control, and the appearance and 
quality of the weld will be unsatis- 
factory. 


1-11. LIGHTING EQUAL -PRESSURE 
TYPE TORCH 


The procedure for lighting the torch, 
consists of turning on the gases and 
adjusting them to the proper pressures 
for the particular tip size. 

The steps in general are: 

1. Check the equipment to make sure 
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all parts are in good condition, 

2. Inspect the regulators: The adjust- 
ing screws of the regulators must be 
turned all the way out (counterclock- 
wise) to prevent damage of the regu- 
lator diaphragm when the cylinder valve 
is opened, 

3. Open the oxygen cylinder valve 
very slowly (counterclockwise) to pre- 
vent damage tothe regulator diaphragm 
from the pressure and heating effects 
of a sudden application of 2000 pounds 
per square inch (psi) pressure. When 
the regulator high-pressure gauge 
reaches its maximum reading, turn the 
cylinder valve all the way open. The 
oxygen cylinder valve is turned all the 
way out because this valve has a double 
seat or back seat. In the all-out po- 
sition, this seat closes any possible 
opening through which the high-pres- 
sure oxygen may escape alongthe valve 
stem, (The operator should stand to one 
side of the gauges while opening the 
cylinder valve to prevent possibility of 
injury in case the gauge should burst.) 

4. Open the acetylene cylinder valve 
slowly (counterclockwise), using the 
proper size wrench. Open it only 1/4to 
.1/2 turn, Always leave the wrench in 
place on the cylinder valve stem sothe 
cylinder may be shut off quickly in 
an emergency. 

5. Open the torch oxygen valve one 
turn, Next turn the oxygen regulator 
adjusting screw in (clockwise) untilthe 
low-pressure oxygen gauge indicates 
the pressure corresponding to the size 
of the tip orifice. The flow pressure is 
always lowerthanthe pressure whenthe 
torch valve is closed. Then turn offthe 
oxygen valve on the torch, Use only 
finger tip force to close the torch 
valves, Too much turning effort will 
injure the needle valves. This pro- 
cedure is to adjust the oxygen torch 
pressure. 


6. Open the acetylene torch valve one 
turn. Turn the acetylene regulator 
adjusting screw in slowly (clockwise) 
until the low-pressure acetylene gauge 
indicates the pressure corresponding to 
the tip size. An approximate setting 
may be arrived at as shown inthe table, 
Fig. 1-6. Then turn off the acetylene 
torch valve using finger tip force only. 
The regulator pressures have now been 
adjusted to approximately the proper 
pressure. 

7, Crack the acetylene torch valve no 
more than 1/16 of a turn. Using a flint 
lighter, ignite the acetylene gas coming 
out of the tip. 

8. Next, turn the acetylene torch 
valve on slowly untilthe acetylene flame 
jumps away from the end of the tip 
slightly. This indicates that the proper 
amount of acetylene is being fed to the 
tip. You should be able to make the 
flame leap away from the tip 1/16 in. 
and back again to the tip, by a quick 
flip of the torch. If the flame will not 
jump back to the tip, too much acetylene 
has been turned on. Or, if the tip is 
worn, you may find it difficult to make 
the flame jump away from the tip. You 
should try to force the acetylene from 
the tip by a wave of the torch, 

Another method of determining the 
correct amount of actylene, is to in- 
crease the flow untilthe flame becomes 
turbulent (rough), a distance of 3/4 to 
1 in. from the tip of the torch, Also the 
operator will note that when sufficient 
acetylene has been turned on, the flame 
will stop smoking, or releasing sootas 
im Bep. 1-7, 

9, After the proper amount of acety- 
lene has been obtained, the oxygen 
valve on the torch should be opened 
slowly. As the oxygen is fed into the 
flame, the brilliant acetylene flame 
turns to a purple color, and a small 
inner cone starts to form, This inner 
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Fig. 1-7. Recommended steps for lighting oxyacety- 
lene welding torch. A. Open the acetylene torch 
valve slightly and light the acetylene with a spark 
lighter. B. The correct amount of acetylene is flow- 
ing if the flame jumps away from the tip when the 
torch is shaken. Or, C. As shown here, a turbulence 
is created in the acetylene flame and the sooty smoke 
is eliminated. D. Begin turning on the oxygen by 
opening the torch oxygen valve. E. Continue to turn 
on the oxygen torch valve until the middle flame is 
eliminated and a rounded inner cone is seen. 


cone is of a light greenish color, When 
first formed, the extremity will have a 
blurred and irregular contour. As the 
oxygen is turned on slowly, the inner 
cone loses its blurred edge and becomes 
a round, smoothcone. When this occurs, 


do not turn on any more oxygen as any 
increase of oxygen at this time willre- 
sult in an OXIDIZING FLAME (meaning 
that there is an excess of oxygen which 
will burn or oxidize the metals being 
heated), The tip of this inner cone is 
the hottest part of the flame. 

The correct quantities of gases, for 
the smaller tip sizes, may further be 
detected by the hissing of the torch 
flame. The flame should emit a soft 
sound (purr), not a sharp irritating 
hiss, when correctly adjusted. 

10, If the torch burns with an irregu- 
lar contour (a feather) to the cone, the 
flame is called a CARBURIZING 
FLAME because there is an excess of 
acetylene being used. But if the inner 
cone has a very sharp point, and if it 
hisses excessively, it usually means 
that too much oxygen is being used, Such 
a flame is called an oxidizing flame. If 
the flame has a smooth inner cone, the 
flame is called a NEUTRAL FLAME, 

Another method of adjusting the weld- 
ing torch for correct pressure is: 

1. Turn on the cylinder gases as de- 
scribed previously. 

2. Open the acetylene torch valve one 
turn, Turn the adjusting screw on the 
acetylene regulator in slowly. When the 
acetylene starts flowing, light the acet- 
ylene. Keep turning the acetylene regu- 
lator screw in until the acetylene is 
made to jump away from the torch, or 
the turbulence is correct as in the 
previous method, 

3. Open the oxygen torch valve one 
turn. Turn the oxygen regulator adjust- 
ing screw in slowly until enough oxygen 
is being fed to the torch to completely 
consume all the acetylene, and a neutral 
flame is obtained, (The neutral flame 
may be recognized as in the method 
before.) 

4. This method may be used in place 
of the first method; but in case where 
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the operator uses a long hose, and 
where the hose is bent in many differ- 
ent directions, the pressure drop inthe 
hoses may vary, and because of this the 
pressures atthe tip may vary. However, 
the first method described assumes the 
torch valves are in excellent condition 
and will not go out of adjustment. The 
operator has the choice of using either 
of the two methods, and will gradually 
choose the one which he prefers. 

The results of either one of these 
methods are generally satisfactory. 


1-12. LIGHTING INJECTOR-TYPE 
WELDING TORCH 


The steps for lighting an injector- 
type torch in general are: 

1. Inspect the equipment to make sure 
all parts are in good operating 


condition, 
METAL TORCH TIP NUMBER 
THICKNESS DRILL SIZE 
1/16 56 
1/8 53 
1/4 48 


OXYGEN REGULATOR 
PRESSURE PSI 


2. Inspect the regulators. The adjust- 
ing screws of the regulators should be 
turned all the way out (counterclock- 
wise). 

3. Open the oxygen cylinder valve 
very slowly until the regulator high- 
pressure gauge reaches its maximum 
reading, then turn the valve all the 
way open. 

4. Using an acetylene cylinder 
wrench, slowly open thé acetylene 
cylinder valve 1/4 to 1/2 turn, Leave 
the wrench in place on the acetylene 
cylinder valve stem, 

5. Open the torch oxygen valve wide 
open (1-1/2 turns). Turn the pressure 
adjusting screw in on the oxygen regu- 
lator until the low-pressure (delivery) 
gauge shows the approximate pressure 
as shown in the following table, then 
close the oxygen valve: 


ACETYLENE REGULATOR 
PRESSURE PSI 


8 - 20 5 
11 - 25 5 
12 - 23 5 


Oxyacetylene welding, joining 

5/16 in. steel plates. Note the 

position of the torch flame and 
the filler rod. 
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6. Open the torch acetylene valve 
1/2 turn. Turn in the pressure adjust- 
ing screw on the acetylene regulator 
until the low-pressure (delivery) gauge 
shows a pressure of 5 psi. Close the 
torch acetylene valve, 

7. To light, open the torch oxygen 
valve 1/4 turn, Open the torch acety- 
lene valve 1/2 turn. Light the tip with a 
lighter. Open the torch oxygen valve 
wide (1-1/2 turns) and adjust the torch 
acetylene valve to secure the desired 
flame. 

8. In the event that acetylene delivery 
pressure becomes so low that a de- 
livery pressure of 5 psi can no longer 
be obtained, open the torch acetylene 
valve all the way, and turn the oxygen 
regulator pressure adjusting screw to 
the left until the flame shows an excess 
acetylene feather about four times as 
long as the inner cone, Then, adjust the 
torch acetylene valve to give the de- 
sired flame. 


1-13. TORCH ADJUSTMENTS 


The torch may be adjusted to produce 
the following flame characteristics: 

1, Neutral flame. 

2. Carburizing flame. 

3. Oxidizing flame. 

In general, the neutral flame is the 
flame desired; however, in welding 
aluminum, inbrazing, andin some other 
operations where oxidizing of the met- 
als would interfere with welding, a 
slightly carburizing flame is often 
used, Fig. 1-2 illustrates the appear- 
ance of each of these flames. While a 
slightly carburizing flame may be rec- 
ommended for certain work, usually a 
neutral flame will serve equally as 
well, However, because of the slight 
fluctuation in gas pressures, it is diffi- 
cult to maintain a perfectly neutral 
flame over a period of time, andit may 
vary from neutral to slightly oxidizing 


or carburizing. Therefore, in order to 
avoid the possibility of running into an 
oxidizing flame, a slightly carburizing 
flame is safer to use. 

As you weld, the torch may occasion- 
ally "pop" (backfire), This small ex- 
plosion at the flame may be the result 
of several avoidable conditions. The 
most frequent cause of the popping" is 
due to preignition of the gases. Some 
causes of backfiring are: 

1. The gas is flowing out too slowly 
and the pressures are too low for the 
size tip (orifice) used, The gases are 
therefore burning faster (flame propa- 
gation) than the speed they flow out of 
the tip. This trouble may be corrected 
by adjusting to a slightly higher pres- 
sure for both the oxygen and the 
acetylene, 

2. The tip may become overheated 
through overuse or it may be operating 
in a hot corner, or it may be too close 
to the weld, Correct this condition by 
cooling the tip. 

3. The inside of the tip may have 
carbon deposits or a hot metal particle 
may be lodged inside the orifice of the 
tip. These particles become overheated 
and act as ignitors. Correct this by 
carefully cleaning the tip. See PAR, 
2-22, and 2-24. 

A cause of torch popping which hap- 
pens very rarely, is when the inner cone 
of the flame is submerged in the puddle. 

A FLASHBACK is a condition where 
the gas burns back (combustion takes 
place) to the regulator. If this happens, 
the hose, the torch, and the regulators 
are usually damaged and should be re- 
placed or overhauled. 

There are two types of flashback: 

1. Back into the acetylene hose. When 
oxygen feeds back into the acetylene 
hose, a combustible mixture forms and 
a violent explosion may result. A 
clogged barrel or mixture passage 
along with an excessive oxygen pres- 
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sure, may cause this trouble. 

2. In the oxygen hose, organic oxides 
form inside the hose. If the hose is 
raised to the ignition point, an ex- 
plosion may result. 


1-14. SHUTTING OFF TORCH 


If the operator wishes to leave his 
station for just a few minutes, itis only 
necessary to close the torchvalves and 
lay the torch aside until it istobe used 
again, However, if the equipment is not 
to be used for a length of time, it is 
recommended that the outfit be com- 
pletely shut down, The proper method 
of shutting down a station is as follows: 

1. Close the hand valves onthe torch, 
preferably the acetylene valve first 
(this is to eliminate the soot the acety- 
lene flame gives). 

2. Close the cylinder valves (tightly). 

3. Open the hand valves on the torch 
allowing the gases to escape. 

4. Wait until both the high and low- 
pressure gauges on both the acetylene 
and oxygen regulators read zero, 

5. Turn the adjusting screws on both 
the acetylene and oxygen regulators all 
the way out. 

6, Close both hand valves on the torch 
(lightly) and hang the torch in a con- 
venient place. 

These instructions may be followed 
for both the balanced-pressure and the 
injector-type torch. 


1-15. TORCH POSITIONS AND 
MOVEMENTS 


Forehand welding, as shown in Fig. 
1-8 provides that the torch be held at 
an angle of 30 to 45 deg. with the work, 
The flame spreads over the workinthe 
direction in whichthe weldis progress- 
ing. The spreading of the flame in the 
direction of the weld tends to preheat 


TORCH TIP 


TOP VIEW 


30? TO 45? 
1/16" TO 1/8*! 


SIDE VIEW 


Fig. 1-8. Recommended torch angle, direction and 
flame distance from the metal when puddling in the 
flat position. 


the metal before it comes under the 
high temperature welding part of the 
flame. 

A torch motion should be used, and 
may be either the oscillation, or, the 
circular style. In either case, however, 


Fig. 1-9. Common types of flame movement patterns 
used when gas welding. 
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1/16 -1/8 IN. 
30.45 DEG. 
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A 


Fig. 1-10. Puddling procedure. This illustration 

shows the correct position of the torch in relation to 

the base metal during a puddling exercise. Detail 

A shows the penetration (sag) below the under sur- 
face of the base metal. 


the cone should never go outside of the 
puddle (small molten pool of metal, 
produced by the concentrated, high 
temperature flame)bounds or boundary. 
Fig. 1-9 shows a number of different 
torch motions used by welders. 


1-16. PUDDLING 


Before attempting a weld of any kind, 
it is recommended that the beginner 
practice "puddling." Puddling is an 
important and fundamental part of weld- 
ing, because in most welding operations 
a molten puddle of metal is carried 
along the seam of the parts tobe welded 
together. This melting is true in most 
forms of welding, both gas andelectric 
arc. The characteristics of the puddle 
of molten metal indicate the penetra- 


tion, torch adjustment, torch handling 
and torch movement, These puddle 
characteristics, which are judged by 
watching the condition of the puddle, 
guide the experienced welder when pro- 
ducing a good weld. 

The size (diameter) of the puddle will 
be in proportion to its depth; therefore, 
the operator may judge the depth, or 
penetration, of a weld by watching and 
controlling the size of the puddle of 
molten metal. On very thin metal, the 
penetration or depth of the puddle will 
be greater in proportion to the width, 
than will be the case withthicker metal. 

The appearance of the surface of the 
puddle will indicate the condition of 
adjustment of the torch. The neutral 
flame, when melting a good grade of 
metal will give a smooth, glossy appear- 
ance to the puddle, The edge of the pud- 
dle away from the torch will have a 
small bright incandescent spot, which 
will move actively around the edge of 
the puddle, If this spot is oversize, the 
flame is NOT NEUTRAL. Also, if the 
weld puddle bubbles and sparks ex- 
cessively, there is either a poorly ad- 
justed flame; or, a poor quality and/or 
dirty metal is being welded, The puddle 
will have a dull and dirty (soot) appear- 
ance, if the flame is carburizing to any 
great extent. 

The tip of the inner cone of the torch 
flame must be held within the boundary 
of the puddle at all times. The correctly 
adjusted flame over the puddle prevents 
the oxygen in the atmosphere from 
coming in contact withthe surface ofthe 
puddle and causing an ax iudazu ng 
condition. 

Hold the torch far enough away from 
the puddle surface to keep the tip of the 
inner cone from touching the puddle. 
The tip of the inner cone should be held 
1/16-1/8 in. from the puddle surface 
as shown in Fig. 1-10. If the puddle sinks 
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or sags too far, indicating too much 
penetration, lower the angle of the torch 
rather than draw the torch away from 
the surface of the puddle. Fig. 1-11 


EVE OF 
PUDDLE 
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MOTION 
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Fig. 1-11. Puddling procedure. This illustration 
shows the puddle in progress. 


shows a puddle in progress. Note the 
width of the puddle and the torch move- 
ment which controls the width of the 
puddle. Note also the eye of the puddle 
which is a bright flake of oxide which 
indicates the movement of the molten 
metal. A partially completed puddling 
practice piece is shown in Fig. 1-12. 
Note the side view showing the 
penetration. 


PENETRATION ] 


1/2 IN l 
Ì 


SECTION A-A 


Fig. 1-12. Puddling procedure. This illustrates a part- 

ly completed puddling exercise piece. Note the pene- 

tration. This operator has obtained uniform width and 

has carried the puddle in a straight line, and the 
penetration is uniform. 


Before starting to practice with weld- 
ing rod, the learner should be able to 
produce five consecutive beads by pud- 
dling, each at least 5 in. long, without 
melting any holes through the metal, 


and at the same time secure good pene- 
tration, The beads must also be straight 
(in line) and even in width. If the be- 
ginner can do this, he has become 
familiar with torch operation. He now 
knows about the theory and practice of 
the weld puddle sufficiently to proceed 
with learning the manipulation of the 
welding rod, 


1-17. TYPE OF WELDS MADE 
WITHOUT THE USE OF 
WELDING ROD 


An interesting exercise in welding 
sheet metal, which is somewhat dif- 
ferent because no welding rod metal 
is needed, is called the OUTSIDE 
CORNER JOINT WELD. This exercise 
teaches how to weld by using some of 
the parent metal as the filler metal. 
The pieces are placed one against the 
other, at right angles so the vertical 
piece extends beyond the surface ofthe 
horizontal sheet approximately 1/32 to 
1/16 in. as shown in Fig, 1-13. The two 
pieces are then tacked together at their 
ends. The extended metal serves as the 
filler metal. 

The weld must have good penetration, 
but the penetration should not show on 
the inside corner. The operator will 
find that very little torch motion is 
needed for this exercise. Further, the 
torch tip should be slightly tilted, mak- 
ing the flame point inward toward the 
flat or horizontal surface. The weld 
should be all on the horizontal surface, 
None of it should run over onthe verti- 
cal edge. This is necessary, because in 
many cases of metal finishing, the weld 
is made into a right angle corner by 
grinding the excess metal from the one 
side. After checking the weld for ap- 
pearance, the penetration may be tested 
by bending the two pieces of metal open 
like the pages of a book. Any cracking 
or breaking of the metals at the joint 
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will indicate a lack of penetration 
or fusion, 

Another good exercise to help you 
learn the use of a welding. torch in 
welding without welding rod, is the 
FLANGE WELD. 

To prepare the metal for this weld, 


METAL 


i c 


OVERLAP USED 
| AS FILLER 


be classified according to the type of 
joint and position of the weld. 

The basic joints are: 

D Butt, 

2. Lap (fillet weld). 

3. Outside corner, 

4. Inside corner (fillet weld). 


© 


Fig. 1-13. Steps in performing the outside corner joint without a welding rod. A. Metal in position to weld. 
B. Weld in progress. C. Appearance of the finished weld. 


bend a 90 deg. flange about 1/4 -1/2 in. 
long on two pieces of sheet steel about 
MUS to 1/16 in. thick. Be sure the 
lengths of the two flanges are equal. 
Place the flanges together along their 
lengths, and fuse the two flanges with 
the welding torch using the flanges as 
the filler metal in the same manner as 
was done when welding the outside 
corner joint, Fig. 1-14 shows a flange 
joint weld in progress. 


1-18. TYPES OF OXYACETYLENE 
WELDS MADE WITH 
WELDING ROD 


To become proficient in the art of 
gas welding, certain fundamental exer- 
cises must be planned and practiced 
until satisfactory welds can be per- 
formed consistently. The different fun- 
damental gas welding operations may 


The basic welding positions are: 

1. Horizontal on a horizontalsurface 
(flat or downhand position). 

2. Horizontal on a vertical surface. 

3. Vertical on a vertical surface. 

4. Overhead. 
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Fig. 1-14. A flange joint weld in progress. Note that 
the base metal is used as the filler metal, therefore 
a welding rod is not needed. 
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The welding of each of the above 
joints should be practiced in each of the 
above positions, Fig, 1-15 illustrates 


Fig. 1-15. Some typical welding joint designs: 
A. Sheet steel lap joint in the flat position. B. Sheet 
steel butt joint in the flat position. C. Flange joint 
in the flat position. D and D! Outside corner joints. 
E and F. Inside corner joints (F is sometimes called 
a T-Joint.) G, H, J and K Joint designs for metal 
plate. Note that when welding joints A, B, and DI, 
welding rod is used as the filler metal. When weld- 
ing the joints at C and D no welding rod is required 
as a filler metal, because the metal pieces them- 
selves are melted to form the bead and to join the 
pieces together. 


some typical types of joints. Welding 
of these joints should be performed on 
both thin sheet steel and finally on steel 
plate of at least 3/8 in. in thickness. 
After obtaining the necessary skill on 
steel plate with these exercises, the 


welder may then proceed to study 
special welding applications, inex, pipe 
welding, aluminum welding, cast iron 
welding, etc. 


1-19. USE OF WELDING ROD AND 
SELECTION OF WELDING 
ROD SIZE 


Puddling without the use of welding 
rod is used mainly on outside corner 
or flange joints. WELDING ROD (FILL- 
ER METAL) IS ADDED WHEN EXTRA 
METAL IS NEEDED TO CREATE THE 
CORRECT WELD SHAPE AND 
STRENGTH. Welding these joints with 
the puddle method only causes a thin- 
ning of the metal in the weld area, In 
order to obtain a strong weld, metal 
from a welding rod is fed into the pud- 
dle to increase its depth and to in- 
crease the thickness of the metal at the 
weld, See PAR. 2-29, for specifications 
of welding rods. The bead inacorrect- 
ly made weld should be slightly crowned 
(convex) for extra thickness and 
strength of the weld. Fig. 1-16, illus- 
trates a method by which welding rod 
material is added to a weld to make a 
slight crown to the bead (face of weld). 

To weld using welding rod, bring the 
torch to that part of the joint where the 
weld is to start, Melt a small puddle on 
the surfaces of the two pieces and 
allow the puddles to flow together, At 
the same time, with the other hand, 
bring the welding rod to within about 
3/8 in, of the torch flame and 1/8 in, 
from the surface of the puddle, In this 
position, the welding rod will become 
preheated, and it will melt sooner when 
it is dipped into the puddle. When the 
operator judges that the puddle needs 
additional metal, the end of the welding 
rod is inserted into the puddle, and some 
of the welding rod will melt and mix 
with the molten parent metal, Enough 
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welding rod metal should be added to 
raise the puddle to a slight crown, At 
the same time, continue the torch 
motion without interruption. Torchcon- 
trol at this time is very important, 
Control over puddle condition and weld- 
ing rod melting can be done by small 
changes of torch position. As soon as 
enough welding rod metal has been 
added, withdraw the welding rod to the 
slightly withdrawn position described 
previously which should maintain the 
end of the welding rod in a preheated 
condition, 

If the welding rod is withdrawn too 
far from the torch, it will become too 
cold, and will cool and chill the puddle 
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Fig. 1-16. Recommended torch and welding rod posi- 


tions for welding a butt joint in the flat position. 


when it is again inserted into it. On 
the other hand, if the welding rod is 


held too close to the flame ofthe torch, 
it will become too hot. If it should be- 


come molten, drops of molten welding 
rod will be blown by the flame upon the 


cooler parts of the metal being welded. 


Such a condition will result in a very 
uneven bead, poor fusion, and probably 


poor penetration. 


The beginner is sometimes tempted 
to use different size welding rods for 
the same weld. This change should be 
avoided because: 

1. If 3/32-in. welding rod is correct, 
and if a change is made to 1/16-in. 
welding rod it will be extremely diffi- 
cult to add enough welding rod to ob- 
tain a good weld, 

2. The smaller rods will make it 
more difficult to control the puddle. 

3. There will be a tendency to burn 
(oxidize) the smaller size welding rod, 

If the operator changes to 1/8-in. 
welding rod when 3/32-in. welding rod 
is correct, the following troubles might 
result: 

1. The larger welding rod will cool 
the puddle too much while it is being 
added and prevent consistent welding. 

2. There will be a tendency to add too 
much welding rod, destroying penetra- 
tion and building the weld higher than 
it should be on the top surface. 

Whether you should use a 1/16, 3/32, 
or 1/8-in. welding rod is not so im- 
portant as it is to adhere to one size 
after becoming used to it for a certain 
thickness of metal and a certain size 
tip. See Fig. 1-6, for a table of recom- 
mended welding rod sizes and CHAP- 
TER 2, for more detailed information 
on welding rod choices. 

It should be pointed out that a good 
weld, meaning good fusion, good bead, 
and good penetration, is obtainable only 
by attaining skill in the handling of the 
welding torch and the welding rod 
simultaneously and in harmony one 
with the other. This means that the 
torch motion should be constant infor- 
ward speed, in the width of the motion, 
and with the proper distance between 
the cone and the metal, The slant ofthe 
torch in respect to the surface should 
always be the same, The filler metal 
additions should be made at consistent 
regular intervals. 
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1-20. BUTT JOINT WELDING 


Butt joint welding is one of the most 
common types of welds which may be 
made with the oxyacetylene torch. The 
instructions which follow will aid the 
beginner in making this type of weldon 
thin steel, 

Procure two pieces of mild steel 
approximately 1 in. wide and 5 in, long. 
The pieces should be clean, flat, and the 
edges should be straight, Place the two 
pieces of metal across two firebricks, 
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Fig. 1-17. Some methods used to maintain correct po- 


sition of welded pieces, since the weld metal shrinks 


as it solidifies and cools: A. “Tacking” pieces to- 


gether before welding. B. Allowing for shrinkage (S). 
C. Use of special wedges. 


permitting the bricks to support the 
ends of the metal, Place the edges of 
the two pieces of metal together at the 
end where the weld is to start. As the 
weld proceeds along the joint, the metal 
shrinks in cooling from a molten state 
and tends to pull the two pieces of 
metal together. This shrinkage may 
cause the edges to lap one over the 
other, or warp the metal. The operator 
may prepare the metal for the ex- 
pansion and contraction which occurs 
during welding by: 

1. Fusing (or tacking) the ends ofthe 
two pieces of the metal together before 
proceeding with the welding as in Fig. 
1-17A. This method will produce some 
internal strain, but will keep the ends 
sufficiently in line to enable the opera- 
tor to make a good weld, Tacking each 
inch or so along the joint is popular 
practice. 

2. Tapering the gap between the two 
pieces of metal to allow for contraction 
as shown in Fig. 1-17B. The approxi- 
mate contraction is from 1/8 to 1/4in. 
per foot of length of the metal (the 
wider the puddle, the greater the 
contraction). 

3. Using especially prepared wedges 
which may be placed between the two 
pieces of the joint to prevent the con- 
traction of the metals as the weldcools 
as in Fig. 1-17C. This method is more 
generally used with long joints. 

4, Clamping the metal in a heavy 
fixture to minimize movement, 

Refer to Fig. 1-16, for information 
concerning the correct position of the 
torch and the welding rod before start- 
ing to make this weld, 

Light the torch, adjust it to aneutral 
flame, and proceed as follows: Bring 
the torch to the point where the weld is 
to start, holding the torch at a 30 to 45 
deg. angle with the tip pointing along the 
direction of the joint. Hold the inner 
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Fig. 1-18. Macrographs (4X) of two butt joint welds 
in mild steel. The metals have been etched to show 
the grain and fusion. The top weld used filler metal 
of the same composition as the base metal; while 
the bottom weld used a commercial welding rod as 
the filler metal. Note that the penetration in both 
cases is excessive in relation to the thickness of 
the base metals. 


cone approximately 1/16 in. away from 
the metal. With the other hand, bring 
the end of the welding rod approximately 
3/8 in. away from the welding torch 
and just above the metal (about A Sin.) 
The torch flame will melt a puddle on 
the edges of each of the pieces of metal 
which should extend equally over the 
two pieces of metal. Apply the welding 
rod metal as directed in PAR. 1-19. 

Advance the torch a very short dis- 
tance, as the motion continues, until the 
puddle again reaches the size of the 
previous puddle. The welding rod is 
again dipped into the puddle and the 
puddle is built up to a crown as de- 
scribed previously. This procedure 
should continue throughout the length 
of the weld joint. The operator must 
use a continuous torch motion, whether 
it is a slight motion or a very distinct 
one. See Fig. 1-9. 

The tip should be kept at a uniform 
distance from the weld, and the torch 
angle with the metal should remain 


unchanged. Welding rod metal should 
be added in uniform amounts, and at 
regular intervals. After the weld has 
been finished, allow it to cool, andthen 
inspect it, See Fig. 1-18 for a macro- 
graph (drawing of an object unmagni- 
fied, or only slightly magnified) of a 
good butt weld in mild steel. 


1-21. LAP JOINT WELDING 


A rather common welding procedure, 
used extensively in industrial work, is 
the WELDED LAP JOINT. The joint 
consists of lapping one piece of sheet 
metal over the one to which it is to be 
welded, as shown in Fig. 1-19. This 
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SECTION B-B 


Fig. 1-19. Lap joint welaing Section A-A, shows po- 

sition of the two pieces in relation to each other. 

The two pieces should be placed as close together 

as possible (no gaps). Section B-B shows the 
finished weld. 


weld should be first performed in the 
flat position, Althoughthe welding tech- 
nique is typical, several things must be 
kept in mind in order to obtain a satis- 
factory lap weld: 

1. It will be found difficult to heat the 
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bottom piece of metal to a molten state 
before the top metal edge melts too 
much, making the weld very ragged. 
The way to prevent this is to concen- 
trate the torch flame on the lower sur- 
face, The bottom piece of metal re- 
quires two-thirds of the total heat, as 
shown in Fig. 1-20. 
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Fig. 1-20. Recommended position of the torch when 
fillet welding a lap joint. Note the position of the 
torch and welding rod in relation to the base metal. 


2. The welded portion (the weld nug- 
get) must be at least as thick as the 
original metal. To provide this thick- 
ness, add enough welding rod metal to 
crown the weld slightly. 

The beginner usually has a tendency 
to perform this weld without heating 


the bottom metal sufficiently to obtain 
fusion. The destructive separation test 
(described in CHAPTER 22) will quick- 
ly show the lack of fusion at this point. 
Before testing the specimen, the 
appearance of the weld should be close- 
ly inspected for such things as an even 
bead, consistency of width, cleanliness, 
and good general appearance. The metal 
should not sag on the reverse side of 
the bottom piece (too much penetration), 
and the bead should be straight. 

A special form of lap welding is known 
as PLUG WELDING. The American 
Welding Society defines a plug weld as 
follows:''Plug welding is a method of 
attaching a lining by welding it to the 
base plate through holes punched or cut 
through the lining. The holes which vary 
in size according to the thickness of the 
liner are filled with weld metal which 
bonds to the base plate and to the liner 
around the edges of the hole." See Fig. 
1-21, for an example. The torch flame 
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Fig. 1-21. A plug weld. This is a special application 
of lap welding. 


should be concentrated on the base plate 
in order to bring it to its melting 
temperature at the same time that the 
edges of the hole in the liner melts, 

In aircraft tubing repairs, the plug 
weld is known as a ROSETTE WELD. 

A SLOT WELD is the same in all 
respects as a plug weld, except that 
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instead of a hole being drilled in the 
liner metal, an elongated hole or slot 
is Cut, 


Fig. 1-22. In this method, the two 
pieces of metal do not overlap. In the 


welding operation, the edges of both 


Fig. 1-22. Recommended steps when welding an outside corner joint using a welding rod: A. Metal is in posi- 
tion. B. Weld is in progress. C. Completed weld. 


1-22. OUTSIDE CORNER 
JOINT WELDING 


Outside corner joints may be made 
without using welding rod (see PAR. 
1-17). An alternate method of perform- 
ing an outside corner weld is shown in 


Fig. 1-23. Cross sections of outside corner welds 

(a 4X macrograph) showing a properly penetrated weld 

at the top and a partially penetrated weld at the bot- 

tom. The metal has been etched to emphasize grain 
lines and fusion. 


pieces of metal are melted and the joint 
is strengthened by the addition of filler 
metal. Fig. 1-23, shows a macrograph 
of a completed outside corner joint 
made with welding rod. 


1-23. INSIDE CORNER AND 
T-JOINT WELDING 


This is a fairly easy exercise to 
perform, but one in which the operator 
may find it difficult to obtain sufficient 
penetration. Two pieces of 1/16-in. 
stock are placed with their surfaces at 
right angles to each other, either in an 
L-formation (corner joint) or in an in- 
verted T-formation (T-Joint) and one 
inside corner is welded as shown in 
Fig. 1-24, When welding in this position, 
the torch flame is placed inside of the 
L. As it is difficult to obtain additional 
oxygen from the air to complete the 
combustion of the acetylene, when weld- 
ing in this position, it is sometimes 
necessary to open the oxygen torch 
valve slightly to provide enough oxygen 
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Fig. 1-24. Fillet welding of a T-joint in horizontal 
position. 


WELDING 
ROD 


FILLET 
WELD 


PENETRATION END VIEW 


Fig. 1-25. Fillet welding of a T-joint in flat (down 
hand) position. 


for complete combustion. This adjust- 
ment would result in an oxidizing flame 
under normal circumstances, but inthis 
special case, it produces a neutral 
flame. The exercise may be set up in 
two different ways: 

1. The preferred method is to have 
the two pieces set at an angle of 45 deg. 
from the horizontal, forming a trough 
as shown in Fig. 1-25. The operator 
will find that the exercise iseasier with 
the specimen set up inthis manner. This 
position means that the joint is in a 45 
deg. position, and that the weldisin the 
flat position, The two pieces should be 
tacked at both ends of the joint before 
making the weld. 

2. A second method is to have one 
piece horizontal and the other vertical, 
with the edge of the vertical piece 
touching the middle ofthe surface ofthe 
horizontal piece. Before welding the 
pieces in this position, the operator 
should tack the ends to keep them in line 
while welding. It will not be necessary 
to provide for expansion and contrac- 
tion, in this case, inasmuch as the 
metals are pulled one against the other 
as the weld cools and solidifies, 

The technique of handling the torch 
and welding rod willbe almostthe same 
in this exercise as in the previous one. 
The operator will find that very little 
torch motion is necessary; also, it is 
very important to produce a puddle be- 
fore attempting to add the welding rod; 
otherwise, insufficient penetration will 
result, To secure fusion intothe vertex 
of the weld you should hold the torch as 
close as possible without allowing the 
inner cone of the flame to touch the 
metal, then draw it back slightly when 
adding the welding rod. With the joint 
in this position the operator is actually 
making a horizontal weld on a vertical 
surface (the vertical piece). After the 
weld is completed, inspection should 
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Fig. 1-26. End views of some popular corner joint 

preparations for fillet welds. A. Thin metal corner 

joint in position for horizontal fillet welding. B. 

Completed fillet weld or a thin metal corner joint. 

C. Thick metal single bevel groove corner joint. D. 

Completed fillet weld on a thick metal single bevel 
groove corner joint. 


show a good bead, good fusion, con- 
sistent width of the weld, a clean 
appearance, and an equal distribution 
meaning that half of the weld is on one 
piece, and half on the other. Also, the 
vertical piece of metal especially 
should not show any indications of 
having some of its metal melted away 
leaving it thinner (undercutting). 

To test the weld for penetration, the 
two pieces of metal are closed together 
like the pages of a book. Lack of 
penetration or fusion, is indicated by the 
added metal peeling away from the 
parent metal. Fig. 1-26 shows some 
alternate setups for inside corner joint 
designs while Fig. 1-27 illustrates 
some typical T-Joint designs. 


1-24. WELDING POSITIONS 


Welds made in the flat position 
(downhand) are the easiest to make. 


However, it is often necessary to make 
welds in various other positions. 

The recognized positions are: 

FLAT POSITION WELDING--The 
position of welding where welding is 
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Fig. 1-27. End views of some popular T-joint prepa- 
rations for fillet welds. A. Thin metal T-joint. B. 
Completed thin metal T-joint fillet weld. C. Single 
bevel groove T-joint on thick metal. D. Completed 
fillet weld on a single bevel groove T-joint. E. A 
double bevel groove T-joint in thick metal. F. Com- 
pleted fillet welds in a double bevel groove T-joint. 


performed from the upper side of the 
joint, and the face of the weld is approxi- 
mately horizontal. 

HORIZONTAL POSITION WELD- 
ING--Fillet Weld--The position of 
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welding where welding is performed on 
the upper side of an approximately 
horizontal surface, and against a sur- 
face which is approximately vertical. 

Groove Weld--The position of weld- 
ing where the axis of the weld lies in 
a plane that is approximately hori- 
zontal and the face of the weld lies in 
a plane that is approximately vertical. 

VERTICAL POSITION WELDING-- 
The position of welding were the axis of 
the weld is approximately vertical. 

OVERHEAD POSITION WELDING-- 
The position of welding where welding 
is performed from the underside ofthe 
joint, where the axis of the joint and 
base metal are both approximately 
horizontal, 


1-25. OXYACETYLENE WELDING IN 
HORIZONTAL POSITION 


This position consists of welding a 
horizontal joint on a vertical surface 
as shown in Fig. 1-28, Welding in this 
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Fig. 1-28. Horizontal butt joint weld on a vertical 
surface. Note that the torch flame is directed upward 
to help hold the molten metal in place. 
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position should be practiced on butt 
joints, inside corner joints, and lap 
joints. A precaution tobe notedin order 
to produce an excellent weld, is that 
the torch tip instead of pointing direct- 
ly along the weld joint, should point at 
a slightly upward angle. This tip po- 


Fig. 1-29. A butt joint being welded while in a verti- 
cal position. Note the position and angle of the weld- 
ing rod and torch tip with respect to the weld. 


sition will enable the force from the 
velocity of the gases to keep the molten 
metal from sagging. It will be found 
that it is easier to obtain more con- 
sistent penetration, in both the horizon- 
tal position and the vertical position 
welding, than in flat position welding. 
The operator will have little difficulty 
in obtaining a good looking bead, but he 
will find it more difficult to make a 
vertical or a horizontal weld with as 
good an appearance as a horizontal weld 
on a horizontal surface (downhand). 


1-26. OXYACETYLENE WELDING IN 
THE VERTICAL POSITION 


Vertical welding consists of weld- 
ing in a vertical direction on a vertical 
surface, The exercises should be per- 
formed in a vertical position, including 
the butt joint, Fig. 1-29. The welding 
will not be found difficult after the first 
few attempts if the following precau- 
tions are observed: 

1. The weld should proceed upward. 
The torch is inclined from the surface 
of the metal at an angle of approximately 
15 to 30 deg. The torch tip is pointed 
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Fig. 1-30. A butt joint being welded while in the over- 
head position. Caution: Wear gloves, cap, and long 
sleeves. Be sure all clothing is fire resistant. 


up. This tip position enables the force 
from the gas velocities to keep the 
molten metal from falling, or sagging 
(due to gravitational pull). 

2. A very small torch motion should 
be maintained to enable the gas veloci- 
ties to keep the molten metal continual- 
ly in position, and not allow itto sag. 

3. Bead, fusion, and penetration 
should be checked according to the 
methods recommended in the previous 
paragraphs. 


1-27. OXYACETYLENE WELDING IN 
THE OVERHEAD POSITION 


Overhead welding is the most diffi- 
cult welding position, The operator 
should be skilled in welding inall other 
positions before starting overhead 
welding as shown in Fig. 1-30, This re- 
quires consistent, diligent practice by 
the operator to enable him to reach a 
satisfactory degree of skill. The opera- 
tor should protect himself with work 
clothes whichare fire resistant and also 
with gauntlet gloves. He should wear 
high-top shoes or welding spats when 
performing this exercise, He should 
have covered pockets and trousers 
without cuffs, Overhead welding should 
be practiced on all the standard joints. 
At least two excellent samples of each 
type of joint should be obtained before 
you have had enough practice. The 
exercise should be mounted approxi- 
mately from 6 to12 in. above the opera- 
tor's head to be most comfortable, and 


the welder should stand to one side of 
the seam, welding parallel to his 
shoulders. 

The position of the welding rod and 
the torch is almost the same in refer- 
ence to the puddle as in welding in other 
positions, The force of the torch flame 
gas velocities, plus the surface tension 
(the attraction of the molecules for each 
other), overcomes to a great extent the 
pull of gravity on the molten metal. 
However, you must be careful to keep 
the metal as close to its lowest flow 
temperature as possible, as any super- 
heating of the metal producing a more 
fluid condition, may cause the molten 
metal to fall. 

A quick removal and return of the 
flame to the puddle (flip action) and 
good timing when inserting the filler 
rod in the puddle will result in welds of 
comparable quality to flat position 
welds. 


1-28. JOINT PREPARATION FOR 
PLATE WELDING 


You should be able to successfully 
weld both thin and thick metal (plate). 
The American Welding Society has 
standardized the names of the joints 
and the names of those parts of the 
joint which are in the weld zone, Fig. 
1-31 shows standard terms for various 
parts of a groove weld. 
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Fig. 1-31. Standard terms for the various parts of a 
plate joint. 
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Fig. 1-32. Some popular methods used to prepare metal edges of various thicknesses of metal for butt joint 
welding. A. Single and double V-grooves. B. Single and double J-grooves. 
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Fig. 1-33. Specific angles and dimensions for butt 
joints. 


Several methods have been developed 
to prepare the edges of metalfor weld- 
ing as the metalincreasesinthickness. 
Fig. 1-32, shows how the edges are pre- 
pared for various types of butt joints. 
The straight bevel and/or the V-Joint 
preparation is most common, as this 
can be done with the ordinary shop 
tools. J and/or U groove preparation 
requires special equipment, These lat- 
ter grooves are more economical in 
respect to quantity of welding rod metal 
used, gas or electricity cost, and in 
time saved. 

Fig. 1-33,shows some specific angles 
and measurements used when preparing 
metal edges for butt joint groove welds. 

When oxyacetylene welding the plate 


Fig. 1-34. Torch and welding rod positions and motions used when welding thicker metals, where wide pud- 
dles are required. 
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joints, the welding rod motion and torch 
motion must be used in a related fash- 
ion, Fig. 1-34, shows how the welding 
rod is moved to one side of the puddle 
as the torch is brought tothe other side, 
The oscillating motionis then reversed. 
This technique enables excellent con- 
trol of the puddle as to fusion and 
build up. 
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Backhand welding as shown in Figs. PENETRÁTION 
1-35, and 1-36, provides that the torch 


be held at an angle of 30to45 deg. with Fig. 1-35. Welding wu single V-groove joint using 


the work, and the flame directed back backhand method. 
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Fig. 1-36. Positions of welding rod and flame when welding, using backhand method. 
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over the portion of the work that has 
been welded, The directing of the flame 
in this manner, tends to anneal the weld 


OT 


Fig. 1-37. The ‘‘step’’ method of multi-layer welding showing the sequence of the ‘‘step’ 


and relieve the welding stresses toa 
great extent. In addition, the direction 
of the flame tends to help the welder 
form a good bead, and attain good 
penetration of the weld, Backhand weld- 
ing is commonly used in welding cast 
iron or drain pipe, andin welding thick, 
heavy sections in which the stresses 
created by welding are relieved. In 
backhand welding, the continued flare of 
the torch flame on the hot portion just 
welded tends to maintain arather large 
puddle of molten metal, In order that 
the edge of the puddle may solidify into 
a bead, it is necessary to move the 
flame upward, at frequent regular in- 
tervals, This action allows the edge of 
the puddle to cool slightly and solidify, 


1-30. MULTI-LAYER WELDING 


Multiple-layer welding may be used 
in place of single-layer welding for all 
positions of welding and thicknesses of 
metal, but is especially well-suited 
for welds on thick materials. The usual 
criterion is the size of puddle that can 
most effectively be handled or con- 
trolled by the welder for the particular 
position of welding. If the completion 
of a weld in one-layer requires a pud- 
dle larger than indicated by this cri- 
terion, two or more layers should be 
made, 

The layers of the weld may be made 


continuously for the full length, or the 
welding may be done by the "step" meth- 
od illustrated in Fig. 1-37. 


welds by number. 


1-31. APPEARANCE OF A 
GOOD WELD 


The weld is usually inspected by 
careful optical examination, Some in- 
spectors use a magnifying glass of 2 to 
10 diameters magnification. 

The weld should be of consistent 
width throughout its length. 

It should be straight so the twoedges 
form two straight lines, one parallelto 
the other. 

The weld should be slightly crowned 
or convex (built up above the surface 
of the parent metal). This crown should 
be consistent (even). 

The weld should have the appearance 
of being fused into the base metal, not 
having any distinct line of demarcation, 
That is, it should have a blended ap- 
pearance, and not have a distinct edge 
between it, and the parent metal, 

The surface of the weld should have a 
ripple throughout its length, The ripples 
should be evenly spaced. 

The weld should have a clean appear- 
ance, There should be no color spots, 
no scale on the weld, and noroughpitty 
appearance to the weld. Lap welds and 
corner welds should normally show no 
visible penetration on the side opposite 
the bead. On a butt weld turn the 
specimen over and check the penetra- 
tion. The degree of penetration will be 
indicated by the sag of the lower sur- 
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face of the weld. The sag should be 
slight, and yet penetration should be 
obtained along the complete length of 
the weld, The amount of sag should be 
approximately 1/64 to 1/32 in. The 
penetration is hard to determine; the 
easiest way to test for it istoplace the 
specimen in the vise, or jig, with the 
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upper surfaces of the weld up to the 
correct height, The weld will be of 
sufficient strength, but a weld of this 
nature will cost more than the weld de- 
scribed previously. It is only neces- 
sary to produce a weld as strong, or a 
little stronger, than the original metal, 
It is not possible to produce sufficiently 
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Fig. 1-38. Examples of butt (A and B) and lap (C and D) joint welds in cross section. Note in B and D that 
the fusion has not been completed to the root (bottom) of the joint. 


weld held at the edges of the jaws. The 
upper half of the specimen is then bent, 
closing the two edges upon the welded 
part like a book. If the weld has not 
penetrated satisfactorily, it will crack 
open at the joint as it is being bent. 
The welder should obtain consistent 
and efficient penetration. It is possible 
to secure a very good weld with ab- 
normal penetration, and still build the 


strong butt joints if penetration is not 
obtained. 

The quality of the resultant welds can 
be inspected by noting the size, shape 
and condition of the joint. 

Fig. 1-38, shows the cross section of 
both butt joint and lap joint welds. Note 
that B and D show poor penetration. 

Fig. 1-39, shows the cross section of 
both good and poor lap and butt joints. 
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Fig. 1-39. Cross sections of good and poor butt and lap joints. A. Properly made joint with proper fusion at 
edges of weld. B. Poor fusion at edges of weld. C. Poor fusion and overlapping of filler metal at edges of weld. 


1-37 


Modern Welding 


In the case of the lap joint, the main 
fault is due to lack of fusion along the 
toe of the bead as shown at B. The fault 
must be corrected by directing more 
heat toward the bottom metal. The over- 
lap shown inC is caused when excessive 
amounts of welding rod are added to 
the puddle. 

Fig. 1-40, shows in cross section, 
severe undercutting. In the case of the 
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1-32. REVIEW OF SAFETY IN 
OXYACETYLENE WELDING 


Oxyacetylene welding equipment 
properly used is safe to use, but it 
potentially possesses great destructive 
power if carelessly used. Therefore, 
it is important that the operator be 
familiar with all of the potential dangers 
in the welding processes. Most of the 
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Fig. 1-40. Cross sections of some typical faults in finished welds. Shape of bead contour is usvally speci- 
fied. When undercutting occurs, or, if face of weld is not built up to specifications, welded joint is weakened. 


inside corner weld, this condition would 
have been improved if the torch had 
been held to direct more heat on the 
bottom piece, and less on the vertical 
piece. In the case of the lap weld, this 
condition may be caused by overheating 
the weld metal either by poor align- 
ment of the torch, improper torch 
movement, too small a tip using too 
high gas velocities, or using welding 
rod too small in diameter, 


safety hazards of oxyacetylene welding 
were pointed out as the operation of the 
equipment was explained in this Chap- 
ter. Be sure you know all these pre- 
cautions, and follow them for the sake 
of the safety of yourself, of your fellow 
workmen, and of the equipment. The 
following precautions are reviewed and 
elaborated on, in the interest of safety: 
1. Protective clothing and shields. 
A, Wear goggles. Various shades 
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are required for various weld- 
ing applications. In general, the 
heavier the metal being welded 
or cut, the darker, higher num- 
bered, shade protection lens 
will be required. 


. Wear leather or asbestos 


gloves. 


. Wear leather or asbestos apron 


or jacket for overhead welding, 
and for other applications 
where clothing is in danger of 
being exposed to sparks. 
Remove combustibles from 
pockets, especially matches. 


. Avoid wearing trousers with 


cuffs and open pockets into 
which sparks may fall. Avoid 
oily articles. 


. Use only fireproof materials 


for the support of articles being 
welded or cut, 


2. Welding or Cutting Tanks or Con- 
tainers. 


Do not weld or cut a tank or 
container, unless the device 
has been processed to be safe 
for such operations. See 
American Welding Society Rec- 
ommendations describing pro- 
cedures to be followed in pre- 
paring for welding and/or cut- 
ting certain types of contain- 
ers which have held combusti- 
bles. A. W.S. A6.0 - 52. 


. Remember many substances 


which are not usually consid- 
ered flammable or explosive, 
become vaporized and there- 
fore explosive when heated toa 
high temperature. 


3. Handling Oxygen Cylinders and 
Equipment. 


All equipment used for oxygen 
such as cylinders, regulators, 
valves, and torches, must be 
kept free of oil. 
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Check for leaks, using soap 
and water, Never use gas weld- 
ing equipment with leaks. 


. Open oxygen cylinder valves 


slowly. Open fully when in use, 
to eliminate possible leakage 
around the cylinder valve stem, 


. Purge oxygen valves, regula- 


tors, lines, and torches before 
use. 


. Most fabrics, in anatmosphere 


of oxygen, will burn with ex- 
plosive force. 

Support gas cylinders so they 
cannot tip over. A valve broken 
from an oxygen cylinder will 
cause it to become a rocket 
with tremendous force. An acet- 
ylene cylinder will behave like 
a flame thrower, if the cylin- 
der valve is broken off, and if 
the gas is ignited. 

Stand to one side of oxygen 
regulators when opening the 
oxygen cylinder valve. 

Always call oxygen "oxygen." 
It should never be called air. 
Call acetylene "acetylene," not 
"gas." Identify the content of 
cylinders by the name marked 
on the cylinder. If a cylinder 
is unnamed do not use it, 

Keep cylinders away from ex- 
posure to high temperatures. 
Remember the pressure in an 
oxygen cylinder increases with 
the temperature. 


. Store "full" and "empty" cylin- 


ders separately ina well-venti- 
lated space. 


. Mark empty cylinder "M T" 


with chalk as soon as they are 
taken out of service. 


.If a cylinder leaks around a 


valve or a fuse plug, tag it 
to indicate the fault, move it 
to a safe area and immediately 
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notify the supplier to pick it up. and makes it unsafe to use. Never re- 

M. Keep cylinder caps screwed on pair a hose by binding it withtape. 
all cylinders that are not inuse Open the cylinder valve slowly. Be 
and particularly while they are sure the regulators are closed. The 
being moved, 

N. Keep the regulators in good 
repair. Do not use a leaking 
(creeping) regulator. 

4, The Flame. 

A. Always turn off the torch flame 
unless the torch is held in 
your hand. FIXTURE 

B. Be sure that no combustible a a y 
material is in the areain which WELDING PRACTICE 
an oxyacetylene torch is to be 
lighted. 

5. Handling the Oxyacetylene Welding 
Station. 

A. Blow out the cylinder valves 
before attaching the regulators. 
Caution: When blowing out acet- 
ylene valves, regulator and 
hoses, be sure no open flames 
are near because acetylene is 
very flammable. 

B. Use a well-fitting wrench to 
attach regulators. 

C. Blow out the hose before attach- 
ing a torch, 

D. Acetylene hose fittings use left- 
hand threads. A groove on the 
periphery (around the sides) of 
the nut indicates that it has a 
left-hand thread, Oxygen hose Fig. 1-41. A well-planned welding bench or table. 
fittings have right-hand Note the facilities for holding work when welding in 


: the overhead position. 
threads. Do not interchange, 


fittings on hoses. adjusting screw must be turned out 
E. Use a spark lighter for lighting (counterclockwise) before opening the 
a torch. cylinder valve. 
F. Keep all hose away from oil and Open the acetylene cylinder only 1/4 
grease. to 1/2 turn and leave the wrench on the 
Examine the hoses regularly for valve stem. 
leaks. Leaking acetylene may cause a Adjust oxygen and acetylene regu- 
severe explosion or fire, lator pressures as recommended by 
If a hose is burned or injured by a the manufacturer of the torch, 
flashback, replace it, A flashback Never use acetylene pressure in ex- 


usually burns the inner wall of the hose cess of 14 psig (measurement of pres- 
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sure - pounds per square inch gauge). 


A backfire is caused by an instantan- 


eous extinguishment and reignition of 
the flame at the torch tip. Usually the 
trouble will clear itselfimmediately. If 
it does not, carefully inspect the equip- 
ment, purge the lines and relight. A 
backfire is usually caused by over- 
heating the tip. 

A flashback is a burning back of the 
flame into the tip, torch or even into 
the hose. It is characterized by a 
squeeling or sharp hissing sound and 
by a smoky or sharp pointed flame, In 
case of a flashback immediately ex- 
tinguish the flame by first closing the 
torch oxygen valve and then the torch 
acetylene valve. Wait a few minutes for 
the torch to cool before relighting it. 
Flashbacks indicate something radi- 
cally wrong with the equipment. Before 
relighting, purge each line separately, 
and readjust the regulator pressures 
to the recommended pressures. 


1-33. METAL FUME HAZARD 


When heated, many metals release 
irritating and toxic fumes. The metals 
which release fumes that are most 
dangerous are: 

Cadmium, 

Zinc. 

Lead. 

Cadmium is widely used as a rust 
protective plating over steel. It is 
white in color. The fumes generated 
by welding, brazing or cutting cadmium 
coated metal, are very dangerous, If 
it is necessary to perform welding 
operations on cadmium-coated metals, 
very thorough ventilation must be pro- 
vided, Cadmium coatings may usually 
be identified by the fact that the metal, 
when gently heated with a torch, will 
turn to a yellow-gold color. 

Zinc is widely used in die-cast metal 


parts, Galvanized sheet metal is an 
example of zinc-coated metal, It is 
white in color and melts at a rather 
low temperature, about 787 deg. F., 
although when alloyed with other metals 
this melting temperature may be either 
raised or lowered, When heated with 
either a welding torch or an electric 
arc, it gives off a white vapor which is 
very irritating to the respiratory sys- 
tem, Very thorough ventilation must be 
used when welding or heating zinc parts 
or zinc-coated materials. 

Lead is not as widely used as cad- 
mium or zinc. However, some plating 
tanks are lead lined. Lead is also used 
for tanks and pipes for handling certain 
liquids and gases. Most storage bat- 
teries (electric) have lead plates, posts 
and cell connectors. Many paints con- 
tain lead oxide pigments. Most solders 
contain lead in varying amounts. 

When heating any substances con- 
taining lead, thorough ventilationis re- 
quired. Lead poisoning may occur with- 
out the operator being warned in any 
way of the danger since its fumes are 
not irritating, The human body does not 
appear to be able tothrow off lead taken 
into the body either throughthe lungs or 
the digestive system. Therefore a per- 
son exposed to lead fumes or lead in any 
form may slowly build up an accumu- 
lation of lead until acute lead poisoning 
develops. 


1-34. TEST YOUR KNOWLEDGE 


Write answer to questions ona sepa- 
rate sheet of paper. Do not write in 
this book. 

1. Give a definition of the term, 
welding. 

2. What size torch tip and welding rod 
is suggested for welding 1/8-in. steel? 

3. What is meant by undercutting a 
welded joint? 
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4, What are the gases produced by-the 
combustion of the oxygen-acetylene 
flame? 

5. What is the approximate tempera- 
ture of the oxyacetylene flame? 

6. Does oxygen burn? 

7. Name the four main parts of an 
oxygen-acetylene welding station. 

8. What should be used when check- 
ing an oxyacetylene station for leaks? 

9. What is a number drill? 

10. How are the sizes of welding tip 
orifices designated? 

11. What are two popular types of 
welding torches? 

12. List the steps required for lighting 
an oxyacetylene torch. 

13. Where is the hottest part of the 
flame? 

14. List, in the proper order, the six 
steps to be followed when shutting off 
auorch, 

15. How does the "puddle" indicate the 
penetration being obtained? 

16. What is the approximate angle be- 
tween the welding tip and the weld 
when welding flat stock ona horizon- 
tal surface? 


17. How is welding rod metal added to 
a weld? 

18, Name three things which may cause 
a torch to "pop." 

19. What is the position of the torch in 
forehand welding? Backhand welding E 
20. Name four basic types of welded 
joints. 

21. Name or illustrate four methods 
used to compensate for shrinkage when 
welding a butt joint. 

22. When welding an inside corner joint, 
a flame adjustment of a slightly oxi- 
dizing nature is used. Why? 

23. What are the four recognized weld- 
ing positions? 

24. What are some of the personal safe- 
ty precautions which should be observed 
when doing overhead welding? 

25. Why must the regulator adjusting 
screws be turned out before opening 
the cylinder valves? 

26. Why should cylinder valves always 
be opened slowly? 

27. How does the welding position affect 
torch position? 

28. Why should a spark lighter always 
be used for lighting à welding torch? 
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OXYACETYLENE WELDING 
EQUIPMENT AND SUPPLIES 


The operator should have a thorough 
knowledge of the purpose, design, con- 
struction, and operation of welding 
equipment, and supplies, This knowl- 
edge is necessary to secure safe, con- 
scientious use of the equipment, and to 
obtain the best results from the ma- 
terials on hand, 


2-1. COMPLETE OXYACETYLENE 
WELDING OUTFIT 


The term oxyacetylene outfit refers 
to the basic equipment needed to weld. 
An oxyacetylene station includes an 
oxyacetylene outfit, plus a welding 
table, ventilation, lighting, and other 
necessary room equipment, 

The equipment necessary for acom- 
plete oxyacetylene outfit may vary de- 
pending upon the welding operations 
which are to be performed. 

In general, a welding outfit will con- 
sist of the following: 

1. Gas supply. 

A. Oxygen, cylinder (compressed 
gas) or tank (bulk liquid). 

B. Acetylene, cylinder or gener- 
ator. 

2. Regulators; complete with high- 
pressure and low-pressure indicators 
or gauges, and cylinder and hose fit- 
tings. Two regulators with gauges are 
required; one for the oxygen cylinder, 
and one for the acetylene cylinder. 

3. Hoses. 

4. Torch; complete with welding tip; 
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mixing chamber, and 
hose fittings. 

5. Goggles; welding, with either a 
No, 4 or 6 tinted filter shade. 

6. Lighter, spark. 

The equipment for a complete out- 
fit is shown connected and ready for 


use in Fig. 1-5. 


needle valves, 


2-2. OXYGEN SUPPLY 


Oxygen used for welding, is stored 
in cylinders of various sizes, which 
are usually painted, Since there is no 
standard color code, the cylinders are 
painted a color selected by the 
manufacturer, 

Oxygen is stored in cylinders at a 
pressure of from 2,000 to 2,640 psig 
(pounds per square inch gauge), depend- 
ing on the cylinder material. The pres- 
sure will vary also according to room 
temperature, See CHAPTER 28, 

Oxygen is obtained by two different 
processes. One process consists of 
the liquefying of atmospheric air by 
compression and cooling. The atmos- 
pheric air consists of approximately 
23% oxygen, 75% nitrogen, 2% other 
gases (by volume). Liquid air rapidly 
evaporates if the pressure, approxi- 
mately 1,000 psig, is reduced. Oxygen 
and nitrogen have different boiling 
temperatures so it is easy to separate 
the oxygen from the nitrogen. The 
nitrogen will boil off first because oxy- 
gen boils at a higher temperature 
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(-295 deg. F.) than nitrogen (-317 deg. 
F.) at atmospheric pressure. 

The 2 percent by volume of other 
gases consists mainly of water vapor, 
carbon dioxide, argon, hydrogen, neon, 
and helium. Water vapor and carbon 
dioxide are removed during the com- 
pression and liquefying process. The 
other gases are removed at the time 
the oxygen and nitrogen are separated, 
by evaporation, Nitrogen and the other 
gases have a lower boiling temperature 
than oxygen. As these gases boil away, 
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the oxygen remains andis stored either 
as a gas, or as a liquid depending on 
how it is to be used. 

The other method of producing oxygen 
is by electrolysis of water. In this 
process, an electric current is passed 
through water causing the water to 
separate into its elements, which are 
oxygen and hydrogen. In the electro- 
lytic process, oxygen will collect at the 
positive electrode, and hydrogen will 
collect at the negative electrode. 

Fig. 2-1, illustrates an experiment 


HYDROGEN 


Fig. 2-1. An experiment illustrating the electrolysis of water. To operate the experiment: 


1. Fill the bottles (small) with the water and invert them over the copper wires (electrodes) which extend 
upward from the bottom of the dish. Be sure that the bottles are completely filled with water. 

2. Turn on the switch. Soon small bubbles will be seen rising from the electrodes and displacing the water 
in the bottles. Do not remove the bottles from the electrodes until each is completely filled with gas. 
The bottle over the positive (4) electrode should be about one half the size of the other bottle. This is 
because approximately twice as much hydrogen is produced compared to the oxygen produced. 

NOTE: 1. Only direct current can be used. 
2. The process can be speeded up by using a higher voltage (12 volts). 

TO TEST OXYGEN: 
Remove the bottle from the positive (+) electrode and quickly insert a burning match in the neck 
of the bottle. The match will burn very rapidly showing that oxygen is present. 

TO TEST FOR HYDROGEN: 
Remove the bottle from the negative (—) electrode and quickly bring a burning match to the neck 
of the bottle. The gas (hydrogen) in the bottle will burn. 
Caution: Perform this immediately on removing the bottle from the electrolyte. If there is a de- 
lay and air is allowed to mix with the hydrogen in the bottle the combustion will be very rapid. 


EXPLOSION. 
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which may be performed to show how 
water is separated into its elements, 
by electrolysis. 

Commercial oxygen, 
American market, 
100 percent pure, 

A new method of distributing oxygen 
has recently come into use, This con- 
sists of shipping the oxygen asa liquid. 
Such installations are chiefly used 
where a very large quantity of oxygen 
is needed, as in steel mills and steel 
fabricators, which operate large auto- 
matic cutting and welding equipment 
and the like. Normally the oxyacetylene 
welding operator will use the gaseous 
cylinder. Oxygen sold in liquid form is 
in large thermos bottle-like tanks; how- 
ever, it is not held under very high 
pressure. The evaporation of some of 
the liquid keeps the temperature of the 
liquid very low, approximately -295.4 
deg. F. At this low temperature, the 
oxygen remains a liquid under normal 
atmospheric pressure. 

Some portable liquid oxygen cylin- 
ders have been developed and experi- 
ence indicates that their use will in- 
crease. The advantage of liquid oxygen 
storage is chiefly with the saving in 
size and weight of the container. Fig. 
2-2, illustrates a liquid oxygen storage 
cylinder. 


sold on the 
is close to being 


2-3. OXYGEN CYLINDERS 


Since the oxyacetylene welding oper- 
ator will be using oxygen from cylin- 
ders, he must know how to use these 
cylinders and the various safety pre- 
cautions which must be taken, 

Because of the high-pressure of the 
oxygen stored in cylinders, the pres- 
sure being equivalent to one ton of 
pressure upon one square inch of area, 
the cylinders must be of very sturdy 
construction, The Interstate Commerce 


Commission (LC.C.) has prepared 
specifications for the construction of 
these cylinders, They are forgedin one 
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Fig. 2-2. Liquid oxygen cylinder, section view. Note 

that the liquid oxygen drawn from the tank passes 

through the insulating space surrounding the cylin- 

der and that the heat required to vaporize the liquid 

is drawn from this space, thus helping to keep the 
liquid oxygen cold. (Linde Co.) 


piece, no part of which is less than 3/8 
in. thick, The steel used is armor plate 
type, high-carbon steel. Fig. 2-3, illus- 
trates an oxygen cylinder which has a 
section cut away to show the construc- 
tion of the cylinder and the valve. Oxy- 
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gen cylinders are tested regularly and 
must withstand hydrostatic pressures 
of over 3,300 psig. These cylinders 
are periodically annealed to relieve 
stresses created during on-the-job 
handling. They are also periodically 
cleaned using a caustic solution. 

The cylinder valve is of special de- 
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way open and never used in a partly 
open position. Fig. 2-4 shows the con- 
struction of an oxygen cylinder valve. 
The valve is fastened to the oxygen 
cylinder by 1/2 or 3/4 in, pipe threads. 
The 3/4 in. size is the most popular. 
The valve, located in the upper end of 
the cylinder, incorporates a pressure 
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Fig. 2-3. A typical oxygen cylinder with a 220 cubic foot capacity. A. Internal 
construction of the cylinder. Note the one-piece forged construction. B. Exterior 
of the cylinder. Note the cap over the valve. C. Dimensions of a 220 cv. ft. cylinder. 


(Pressed Steel Tank Co.) 


sign to withstand high pressure and is 
made of forged brass. It is a "back 
seating valve," meaning that when the 
valve is turned all the way open, the 
stem is sealed to prevent the leakage 
of oxygen around the stem. When in 
use, this valve should be turned all the 


safety device. The safety device con- 
sists of a pressure disc which will 
burst before the pressure becomes 
great enough to rupture the cylinder as 
shown in Fig. 2-5. The valve outlet fit- 
ting is a standard male thread to which 
all standard U. S. made pressure regu- 
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Fig. 2-4. An oxygen cylinder valve, inter- 
nal construction. (Bastion-Blessing Co.) 


lators may be attached. A handwheel for 
operating the valve is permanently 
attached to the valve stem, 

Threads on the upper body of the 
cylinder provide a means whereby a 
heavy steel cap is screwed over the 
valve to protect it from injury during 
shipment. The thread size is 3-1/8 in, 
diameter, 7 or 11 threads per inch, If 
the cylinder valve should ever be broken 
off, the very high pressure ofthe gas in 
the cylinder, upon escaping, would burn 
any material it touched, and it would 
also tend to give the cylinder rocket 
propulsion, Because of this danger, it 
is always recommended that the cylin- 
ders be handled by two persons per 
cylinder, It is also recommended that 
when being shipped, the cylinder should 
be clamped to a structure to eliminate 
the danger of its being tipped over or 
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dropped. The cylinders, when full or 
partially full, should never be allowed 
to stand by themselves without adequate 
support. The pressure in the oxygen 
cylinder will indicate the amount of 
oxygen remaining in the cylinder 
(Boyle's Law). 

CYLINDERS SHOULD ALWAYS BE 

KEPT VALVE END UP, AND THE 

VALVE SHOULD BE CLOSED WHEN 

THE CYLINDER IS NOT IN USE, 

WHETHER THE CYLINDERIS FULL 

ORE MPT Y. 

Oxygen is purchased by the cubic 
foot measured at atmospheric pres- 
sure. The cylinders usually remain the 
property of the oxygen manufacturer 
and are loaned to the consumer, The 
price of an oxygen cylinder alone is 
quite high and it is generally to the ad- 
vantage of the consumer to use the 
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Fig. 2-5. A schematic of an oxygen cylinder safety 
plug. Note the safety disc. 


rental system. Most companies will not 
charge any rental for a cylinder if itis 
returned within thirty days from date of 
delivery. After thirty days, a smallfee 
is charged per day (demurrage charge). 
Two sizes of oxygen cylinders arein 
common use in the welding shop. These 
are: 
110,62. ft. 
220 Cust, 
Other sizes available are 55, 80, 125, 
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150, 250, and 300 cu, ft. capacities as 
shown in Fig. 2-6. Under full pressure, 
approximately 1 cu. ft. of gas is stored 
in each 10 cu. in. of space in the 
cylinder, 

Many newer cylinders permit a pres- 
sure increase of 10 percent with an 
equal increase in the amount of oxygen 
in the cylinder. 

There is no national color code 
governing the color of oxygen cylinders. 
The user should become familiar with 
the color code used by his supplier. 


2-4. THE OXYGEN MANIFOLD 


In many large industries andin many 
school welding shops, an oxygen cylin- 
der is not made a part of each welding 
station, rather the oxygen is piped to 
the welding stations. In such instal- 
lations one or more oxygen cylinders 
are attached to a manifold from which 
the oxygen is piped to the welding 
stations, The oxygen leaving the mani- 
fold is at a reduced pressure usually 
between 30 and 100 psig depending on 
the length and size of the pipe and the 
amount being used. 

The oxygen manifold is usually lo- 
cated in the oxygen cylinder storage 
room, so it is not necessary to move 
cylinders outside of this room, The 
shop is safer and space is saved by not 
having the cylinders in the shop. 

With a manifold system, aline oxygen 
regulator is used at each welding station 
in order to control the oxygen pressure 
to each torch, A line regulator has only 
one pressure gauge andthis gauge indi- 
cates the pressure on the delivery 
(torch) side of the system. See Fig. 
2-7, which shows atypical oxygen mani- 
fold installation, Note that the manifold 
has pressure up to the manual control 
valve which is kept closed whenthe oxy- 
gen system is not in use, A master 
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Fig. 2-6. Five different capacity oxygen cylinders. 
They range from 55 cu. ft., to 250 cu. ft. capacity, 
and under certain conditions they may be charged with 
10 percent more oxygen (i.e. 220 cu. ft. cylinder may 
be charged with 242 cu. ft. of oxygen). 
(Pressed Steel Tank Co.) 


regulator controls the pressure of the 
oxygen in the piping system after it 
leaves the manifold. This regulator has 
two gauges. One gauge shows the pres- 
sure in the manifold, and the other 
gauge shows the pressure inthe piping. 


Fig. 2-7. An oxygen manifold for five cylinders. Note 
that & master shutoff valve is located between the 


regulator and the cylinders. 
(Air Reduction Sales Co.) 
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See PAR. 2-13, for information con- 
cerning the construction and operation 
of these regulators. 

In manifold installations, the copper 
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further technical information concern- 
ing the chemical structure and nature 
of acetylene. 

Acetylene is made available for weld- 
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Fig. 2-8. Cut-away view of acetylene cylinder showing the porous filler. Note the fuse plugs at the top and 


bottom 


tubing (pigtail), connecting the cylin- 
ders to the manifold, should be fre- 
quently annealed. This is because the 
tubing is subjected to high cylinder 
pressure, and it therefore may become 
brittle and more subject to breakage. 


2-5. ACETYLENE SUPPLY 


Acetylene is produced by the chemi- 
cal combination of calcium carbide with 
water. The chemical formula for acety- 
lene is CoH», See CHAPTER 28 for 


of cylinder. 


ing using two different methods: 
1. Acetylene storage cylinder. 
2, Acetylene generator. 


2-6. ACETYLENE CYLINDERS 


Acetylene gas may be stored in 
cylinders specially designed for this 
purpose. The gasis first passed through 
filters and purifiers, It is then com- 
pressed into cylinders to a pressure of 
approximately 250 psig. The storage 
of acetylene in its gaseous form under 
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pressure is not safe at pressures 
above 15 psig. The method used to 
safely store acetylene in cylinders is 
as follows: 

1, The cylinders are filled with a 
substance such as pith from corn- 
stalk, fuller's earth, lime silica, and 
similar substances which absorb 
acetone. 

2. The cylinders are then charged 
with acetone. Acetone absorbs 
acetylene, 

The theory is that the acetylene 
molecules fit in between the acetone 
molecules, Using both of these tech- 
niques prevents the accumulation of a 
pocket of high pressure acetylene. 

These cylinders, like oxygen cylin- 
ders, are fabricated according toI.C.C. 
specifications, 

The base of this cylinder is concave 
and it usually has two plugs threaded 
into it (pipe threads) as shown in Fig. 
2-8. These threaded plugs (fuse plugs) 
have a center made of a special metal 
alloy which will melt at a temperature 
of approximately 212 deg. F. If the cylin- 
der should be subjected to a high tem- 
perature the plugs will melt and allow 
the gas to escape before the pressure 
builds up enough to burst the cylinder. 
Fig. 2-9 shows the construction of an 
acetylene cylinder fuse plug. These pre- 


Fig. 2-9. Acetylene cylinder fuse plug. The body of 
the plug is usually made from brass. The fuse metal 
has a low melting temperature, (212 deg. F.). 
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Fig. 2-10. An acetylene cylinder valve. 
(National Cylinder Gas) 


cautions are necessary asthe pressure 
in an acetylene cylinder builds up rapid- 
ly with an increase oftemperature. 

Acetylene cylinder valves come in 
two types. A common type is provided 
with a 3/8-in. square shank, Itis turned 
by means of a 3/8-in. square box 
socket wrench, 

It is recommended that this cylinder 
valve be opened only 1/4to1-1/2turns. 
The wrench should be left on the valve 
stem at all times that the valve is open, 
in order that the valve may be closed 
quickly in case a hose or some other 
part catches on fire, 

Another type of acetylene cylinder 
valve is fitted with a handwheel. The 
regulator fitting is a female fitting. Fig. 
2-10 shows the construction of this sec- 
ond type of acetylene cylinder valve. 

The amount of acetylene inacylinder 
cannot be estimated by the pressure in 
the cylinder because the pressure ofthe 
acetylene gas coming out ofthe acetone 
solution will remain fairly constant 
(depending on the temperature) until 
most of the gas is consumed, The 
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amount of acetylene in a cylinder can 
be determined accurately by weighing 
the cylinder. The tare weight (weight 
without the acetylene gas) of the cylin- 
der is stamped on the cylinder. The 
gas weighs 1 lb. per 14-1/2 cu. ft. 

Acetylene cylinders should always be 
used in an upright position otherwise 
some of the acetone is likely to escape 
with the acetylene and contaminate the 
equipment and the flame. Eachtime that 
an acetylene cylinder is refilledthe tare 
weight is checked and acetone is added 
if necessary. 

Acetylene cylinders are available in 
a variety of sizes. The most common 
sizes used in welding are: 

30 cu ft. 

2905cu.. ft, 

330 GGE ii 
Other sizes available are: 75, 190, and 
360 cu. ft. capacity. 

Two small-size acetylene cylinders 
are available for portable welding and 
cutting equipment. These are: 

B size - 40 cu. ft. 
ML size - 10 cu. ft. 
The fittings on these two small-size 
cylinders (sometimes called tanks) are 
Prest-O-Lite (P.O.L.). 

All acetylene cylinders are designed 
and constructed according to LC.C. 
Specifications No. 8. All designs must 
be tested by the Bureau of Explosives 
and must pass these tests before they 
can be used commercially. 

It is important to remember that an 
acetylene cylinder absorbs heat as 
acetylene is released from it, There- 
fore, the rate of acetylene flow from a 
cylinder is somewhat limited. Cylin- 
ders exposed to freezing temperatures 
will release acetylene gas very slow- 
ly. However, do not heat cylinders. 
Remember that the fuse plugs melt at 
212 deg. F. In cases where it is neces- 
sary to use a rather high rate of acety- 
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lene flow, several cylinders should be 
connected to a manifold. 

Fig. 2-11, illustrates several sizes 
of acetylene cylinders of a recessed 


Fig. 2-11. Various types and sizes of acetylene 


cylinders. (Linde Co.) 


top construction, This recessed con- 
struction protects the cylinder valve 
which has a female regulator connection 
or fitting, The cylinder on the extreme 
right is the ML size while the one 
next to it is the B size. 


2-7. ACETYLENE MANIFOLD 


As explained in PAR. 2-4, there are 
several advantages in a manifold sys- 
tem in which the fuel and oxygen cylin- 
ders are not located at the welding 
stations in the room. In the case of 
acetylene, however, there are some 
additional reasons for a manifold 
installation. 

The flammable code in some cities 
does not allow the storage and use of 
acetylene cylinders in rooms located 
below other rooms which are used for 
classes, meetings, or assemblies. In 
such instances, a manifold system is 
the only solution. 

In describing the construction of the 
acetylene cylinder, it was pointed out 
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that the acetylene is dissolved in ace- 
tone, This means that acetylene cannot 
be drawn from the cylinder any faster 
than it can be released (or boil) from 
the acetone. If one attempts to draw off 
acetylene more rapidly than it can be 
drawn off safely, aconsiderable amount 
of acetone will be drawn from the cylin- 
der along with the acetylene, The maxi- 
mum safe rate at which acetylene may 
be drawn from a cylinder is 1/7 of the 
cylinder capacity per hour, This means 
that a single 250 cu. ft. cylinder can 
supply acetylene at about 35 cu, ft /hr. 
If a greater rate of flow is needed, then 
cylinders must be connected toa mani- 
fold to supply the required flow. 

IT SHOULD BE NOTED THAT AN 

OXYACETYLENE FLAME WHICHIS 

CONSUMING SOME ACETONE WILL 

BURN WITH A PURPLE TINGE OR 

COLOR. 

Acetone in the flame lowers the flame 
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temperature, increases gas consump- 
tion and affects the quality of the weld. 
Since acetylene cannot be drawn from 
the cylinder any more rapidly than it 
can be released from the acetone, when 
the cylinder approaches the empty or 
discharged condition, the acetylene will 
be released much slower than from a 
full cylinder, The manifold installation 
makes it possible to more completely 
discharge the cylinders which reduces 
the cost of the acetylene used, 

The rate at which acetylene may be 
drawn from an acetylene cylinder will 
depend on both the temperature of the 
cylinder and the amount of charge re- 
maining in the cylinder. 

In a manifold installation, the mani- 
fold room should have provisions for 
heating in order to maintain an approxi- 
mate temperature of 70 deg. F. 

Fig. 2-12,illustrates a modern acety- 
lene cylinder manifold installation, lt 


Fig. 2-12. An acetylene manifold installation. 
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should be noted that the acetylene mani- 
fold system incorporates some features 
not included in an oxygen manifold sys- 
tem. In addition to the regulator and 
control valves, the acetylene manifold 
also requires a waterseal type flash 
arrester. 

BRASS PIPING MAY BE USED WITH 
ACETYLENE. COPPER PIPING IN 
THE PRESENCE OF ACETYLENE 
FORMS COPPER ACETYLIDE, AN UN- 
STABLE COMPOUND THAT DISASSO- 
CIATES VIOLENTLY AT THE SLIGHT- 
EST SHOCK, AND MUST NOT BE USED. 


2-8. ACETYLENE GENERATOR 


Many commercial welding shops and 
some school welding shops use acety- 
lene produced by means of an acetylene 
generator. As mentioned in PAR. 2-5 
àcetylene is produced by the chemical 
action of water with calcium carbide. 
A generator is a device which brings 
the water and calcium carbide together 
in the amounts, and at the rate, required 
to safely generate the amount of acety- 
lene needed. 

Acetylene generators are available 
in two types, a low-pressure type, and 
a medium-pressure type. The low-pres- 
sure type generates acetylene at 
approximately 1/4 psig (4 to 6 in. of 
water column). With this type of gener- 
ator it is necessary to use aninjector- 
type torch. See PAR. 2-20, for afurther 
description of this type torch, 

The medium-pressure type acetylene 
generator generates acetylene up to 15 
psig which is the maximum safe pres- 
sure at which free acetylene gas may 
be stored, With this type of generator, 
equal pressure type torches may be 
used, See PAR. 2-19, for a description 
of the equal pressure type torch, Fig. 
2-13, illustrates an acetylene gener- 


ator. The use and installation of an 


acetylene generator is controlled by 
safety codes which should be carefully 
studied and rigidly followed. A gener- 
ator installation will require regular 
care which includes checking and re- 
plenishing the water and calcium car- 
bide supply, and removal of the calcium 
hydroxide sludge. The removal and dis- 
posing of the sludge is perhaps the 
greatest problem inthe use of the acety- 
lene generator, 

Referring to B, Fig. 2-13, it will be 
noted that the generator is partially 
filled with water. The calcium carbide 
is stored in the hopper at the top of the 
generator. A feed mechanism feeds the 
calcium carbide into the water, Acety- 
lene is generated by the action of the 
water on the calcium carbide. As soon 
as the predetermined acetylene pres- 
sure has been generated, the feed of 
calcium carbide is stopped and no more 
can be fed intothe water untilthe acety- 
lene has been drawn off and the acety- 
lene pressure in the generator de- 
creases. A water level supply device: 
stops the feeding of calcium carbide if 
insufficient water is in the base of the 
generator. 


2-9. PRESSURE REGULATOR 
PRINCIPLES 


Al gases are commonly stored in 
cylinders at pressures considerably 
above the working or flame pressures. 
Most welding torches operate at pres- 
sures of between 0 and 30 psig. There- 
fore, it is necessary to provide apres- 
sure regulating mechanism to reduce 
and otherwise regulate the pressure as 
needed. This mechanism is called a 
pressure regulator. Every mechanism 
which requires the control of liquid 
and/or gas pressures uses this type 
regulator. It performs two services: 

1. It reduces the high storage cylin- 
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Fig. 2-13. An acetylene generator. 
(Rexarc, Inc.) 


der pressure to suitable working pres- 
sure. 

2. It maintains a constant gas pres- 
sure at the torch (even though the 
cylinder pressure may vary). 

Fig. 2-14, shows a pressure regu- 
lator complete with gauges and fittings. 


There are two basic types of regu- 
lator mechanisms: 

1. Nozzle-type. 

2. Stem-type. 
Fig. 2-15 is adiagramatical cross sec- 
tion drawing showing the construction of 
the nozzle-type of regulator, Fig, 2-16, 
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F ig. 2-14. Single stage acetylene cylinder regulator. E 
The high-pressure gauge shows cylinder pressure; S 
low-pressure gauge shows pressure delivered to torch. F 


Note that low-pressure gauge indicates that it is dan- 
gerous to use acetylene at pressures above 15 psi. 


illustrates a cross section of a stem- 
Fig. 2-15. A schematic drawing, a nozzle-type pres- 


type regulator. 
w .O sure regulator in cross section. A. Adjusting screw. 
Miser veculetors havetwo gauges, «ne B. Bonnet. C. Diaphragm. D. Body. E. Cylinder nut. 


gauge (high-pressure) shows the pres- F. Body cap. G. Seat. H. Nozzle. I. Hose fitting 
sure in the cylinder andthe other gauge opening. J. Cage. K. Gas opening from cylinder. 
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Fig. 2-16. A cross section drawing of a stem-type 
pressure regulator. 
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(low-pressure) shows the pressure of 
gas being delivered to the torch, 

Regulators are also obtainable as: 

1. Single-stage regulators which re- 
duce supply pressure to working pres- 
sure in one step. Example-3000 psi to 
5 psi. 

2. Two-stage regulators which re- 
duce supply pressure to working pres- 
sure in two steps. Example-3000 psito 
200 psi to 5 psi. 


2-10. NOZZLE-TYPE PRESSURE 
REGULATOR 


See Fig. 2-15, for an illustration of 
a nozzle-type pressure regulator. 

This regulator consists of a forged, 
die cast, brass or aluminum body (D), 
having fixed into the body a means 
whereby the regulator may be attached 
to the cylinder valve (K). It also has 
openings for botha high-pressure gauge 
and a low-pressure gauge. A third 
opening (I) connects the regulated low- 
pressure gas to the hose that carries 
the gas to the torch. 

The front on the regulator has a 
flexible wall called a diaphragm (C), 
which is sealed firmly to the regulator 
body. A spring is mounted between the 
outside of the diaphragm andthe bonnet 
(B). The force on the diaphragm is 
adjusted by means of an adjusting screw 
(A) threaded into the bonnet and press- 
ing against the spring. An arm (J) is 
attached to (or touches) the inside of 
the diaphragm, and this arm curves 
down into the regulator body chamber 
and around to form a seat (G), which 
presses up against a nozzle (H) of the 
regulator. The openingis automatically 
controlled by the diaphragm to allow 
the gases to come from the cylinder 
when needed, The line that leads to the 
nozzle comes from the cylinder; andto 
this line is attached the high-pressure 
gauge. A fine mesh screen or ceramic 
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Fig. 2-17. A cross section drawing of a single-stage 
nozzle-type pressure regulator. 
(National Cylinder Gas) 


filter is commonly located in this line 
to keep dirt from entering, andinjuring 
the regulator. The screen also serves 
as a flame arrester and should be al- 
ways leftin place. The arm which comes 
from the diaphragm is backed by a 
spring, (oris attachedtothe diaphragm) 
which continually tends to pushthe seat 
of the valve firmly against the nozzle to 
stop the gas flow. 

If the adjusting screw in the body is 
turned "in" (clockwise), the heavy 
spring on the outside of the diaphragm 
will overcome the body spring, move 
the seat away from the nozzle, and 
allow some gas to pass from the cylin- 
der into the regulator chamber. As this 
gas enters the regulator body, it tends 
to build up a pressure in the body. The 
force created by this pressure tends to 
push the diaphragm out against the 
diaphragm spring and close the nozzle, 
The pressure tends to fall as the gasis 
released from the regulator and flows 
through the hose to the torch, This 
action will allow the diaphragm spring 
to move the diaphragm slightly, open 
the valve and allow more gas to come 
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Fig. 2-18. A cross section view of a single-stage regulator. Note the filters at the 
high-pressure inlet fitting, and in the high-pressure section below the diaphragms. 
(KGM Equipment Co.) 


into the regulator body. The balance of 
the diaphragm spring pushes the dia- 
phragm (and nozzle) open andthe pres- 
sure under the diaphragm pushes the 
nozzle closed which tends to keep the 
pressure flowing through the regulator 
constant at the preset pressure. 

The pressure in the body cannot in- 
crease or decrease from a certain 
setting because of this compensating 
action. A near constant pressure, 
therefore, is maintained in the regu- 
lator body, independent of what the 
pressure is in the cylinder. At a partic- 
ular setting of the adjusting screw (A), 
a specific and constant pressure will be 
maintained in the body as long as the 
cylinder valve is open. If the adjusting 
screw (A) is turned in, this pressure 
will increase somewhat and then stay 
constant. If the adjusting screw (A) is 
turned all the way out, it will stop the 
flow of gas from the cylinder 


completely. 
These regulators come in various 


gas-flow capacities and nozzle orifice 
sizes. The diaphragm size and the 
spring size are changed according to 
the volume of gas desired, Master regu- 
lators are designed to allow a large 
amount of gas to flow through, Line 
regulators allow the flow ofa relatively 
small amount of gas. 

The springs are made of a good grade 
of spring steel, while the diaphragm 
may be made of brass (phosphor 
bronze), sheet spring steel, stainless 
steel or rubber. 

In modern practice the diaphragm is 
sealed at the joint between the dia- 
phragm and the regulator body, by 
means of suitable gaskets, and the 
clamping action between the body and 
the bonnet, 

The nozzle is usually made of bronze, 
while the seat may be made of various 
materials such as casein, hard rubber, 
plastic, or fiber. 

A cross section of a nozzle-type 
regulator is shown in Fig. 2-17. 
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2-11. STEM-TYPE PRESSURE 
REGULATOR 


The stem-type regulator works on 
the same principle as the nozzle-type, 
but instead of using a nozzle and seat, 
it uses a poppet valve and seat (stem 
and seat), Fig. 2-18, illustrates atypi- 
cal stem-type regulator. The operation 
of this type regulator is as follows: 

The high-pressure gas enters the 
bottom chamber when the cylinder valve 
is opened. The diaphragm movementis 
controlled by the pressure in the top, 
or low-pressure chamber and the 
spring forces, Gas from this low-pres- 
sure chamber is fed to the torch, The 
construction is such that the high-pres 
sure tends to force the valve against 
its seat. The valve stem, therefore, 
does not need to be attached to the dia- 
phragm. This type regulator lends it- 
self to installations requiring a rather 
high rate of flow, and is commonly 
used on manifolds and flame cutting 
machines, 

The materials of construction are 
similar to the nozzle-type. The seat is 
constructed of the same material, while 
the stem (pin) is usually made of stain- 
less steel, The stem and seat are de- 
signed to enable the complete assembly 
to be removed as a cage, permitting 
easy servicing. Fig. 2-19, shows an 
exploded view ofa stem-type regulator. 
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Fig. 2-19. The same regulator shown in Fig. 12-18, 
showing the parts in an exploded view. 


2-12. TWO-STAGE PRESSURE 
REGULATOR 


The two-stage pressure regulator 
may be considered to be two regulators 
in one, In the first stage, the high pres- 
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Fig. 2-20. Front and back views of a two-stage oxy- 
gen pressure regulator. (Harris Calorific Co.) 


sure is reduced and regulated to an 
intermediate pressure by a valve and 
diaphragm mechanism, which has a 
fixed pressure adjustment, Figs. 2-20, 
and 2-21,illustrate the externalappear- 


SECOND- 
STAGE 


Fig. 2-21. Two-stage oxygen regulator. Note the ad- 
justment is only on the second-stage. (Linde Co.) 


ance of typical two-stage oxygen regu- 
lators, while Fig. 2-22 illustrates a 
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gaugeless two-stage regulator. The 
second stage, which is adjustable, reg- 
ulates the pressure and flow of the gas 
to the torch. A two-stage regulator is 
operated in the same manner as a 
single-stage regulator. 

In atwo-stage oxygen regulator, the 
pressure is reduced through the first 
stage to about 200 psig in the inter- 
mediate stage. This means that in the 
second stage the pressure need only 
be regulated from 200 psig to the torch 
pressure. 

It is claimed that the two-stage reg- 
ulator will provide a more constant 
torch pressure, especially when large 
volumes of gas are being consumed. 
Fig. 2-23, illustrates in color, the me- 
chanical operation and the pressure 
conditions in this type regulator. A 
high performance single stage regu- 
lator is shown in Fig. 2-24. This illus- 
tration also shows the details of con- 
struction of this regulator. 

In a two-stage acetylene regulator, 
the first stage reduces the pressure to 
approximately 50 psig. 


SAFETY 
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Fig. 2-22. An illustration of a gaugeless two-stage 
regulator. The pressure is indicated by the height 
of m pin pushed up by oxygen pressure. 


The two-stage regulator may be con- 
structed to use either the nozzle-type 
or stem-type mechanism. Fig. 2-25, 
illustrates atwo-stage stem-type regu- 
lator. Some two-stage regulators have 
been made which are a combination of 
the two styles as shown in Fig. 2-26. 


2-13. MASTER SERVICE REGULATOR 


As stated in PAR. 2-4 and 2-7, mani- 
fold systems for both oxygen and acety- 
lene require the use of large master 
regulators which control the flow ofthe 
gases from the manifold to the welding 
station line. These regulators are basi- 
cally of the same construction as de- 
scribed in PAR. 2-10, 2-11, and 2-12, 
however, some modifications are made 
to adapt the regulator to its particular 
job. The regulator must be capable of 
controlling a large quantity of -gas 
through the regulator even when the 
difference between the cylinder pres- 
sure and the line pressure is small, 
These regulators always have two 
gauges, a high-pressure gauge which 
indicates the manifold: (cylinder) pres- 
sure, and a low-pressure gauge which 
indicates the line pressure, The typical 
cylinder regulator usually has insuf- 
ficient gas flow capacity to be used as 
a master regulator on a manifold 
installation, 


2-14. LINE STATION REGULATOR 


Line station regulators are used in 
connection with manifold systems, 

These regulators have the usual 
adjustment in order to control the gas 
pressure to the torch and in every way 
they are handled the same as other 
regulators. They are usually equipped 
with only one gauge. This gauge is 
connected to the discharge side of the 
regulator and indicates the pressure of 
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Fig. 2-23. Two-stage regulator provides two diaphragms, two needles, and two seats. The first-sta d 

the high gas pressure (solid red) as it comes from the cylinder to some intermediate pressure eese it) The 
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Fig. 2-24. A high performance single stage regulator. A 

shows the exterior of the regulator. B shows the internal 
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the gas being delivered to the torch. Fig. 2-25. Cross section view of a two-stagé regu- 
lator which uses stem-type valves in both stages. 
(Victor Equip. Co.) 


Since the inlet pressureislowerthan 
with regulators attached to cylinders, 
the regulator will have larger orifice game 
nozzles and a more flexible, sensitive T 
diaphragm. Since these regulators 
usually connect to the gas distribution 
pipe, the inlet connection may be a 
standard pipe fitting, and not the usual 
tank fitting. The discharge fitting will 
be the same as the usual regulator, 
and will be a right-hand thread fitting 
for oxygen, and a left-hand thread 
fitting for acetylene or fuel gases. 


2-15. WELDING REGULATOR 
SAFETY 


The regulator is perhaps the single 
most important device contributing to 
safety in oxyacetylene welding. If han- 
dled properly, its safety qualities will 
be preserved, but if it is abused, it 
may fail in its safe operation, To get 
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both life and safety from a regulator, 
be sure to observe the following rules: 

A. Always crack (open slightly) the 
cylinder valves and blow out the cylin- 
der fitting passages before attaching 


nut properly. NEVER USE COMMON 
PLIERS OR PIPE WRENCHES. 

D. Be sure that the regulator adjust- 
ment is turned all the way out before 
opening the cylinder valve. In this po- 
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Fig. 2-26. Cross section view of a two-stage regulator which has a nozzle-type first stage and e stem-type 


second stage. 


a regulator, The fitting should face 
away from the operator during this 
operation, 

B, Examine the condition of the 
threads on both the regulator and the 
cylinder fittings. The regulator fitting 
should screw on the cylinder valve 
easily. Have the fittings repaired rath- 
er than use great force to assemble. 
NOTE: Acetylene fittings have left- 
hand threads and oxygen fittings have 
right-hand threads, 

C. Use the proper wrench to tighten 
the regulator fitting to the cylinder. Be 
sure that the wrench fits the regulator 


(National Cylinder Gas) 


sition no gas willflowthroughthe regu- 
lator into the low-pressure side, 

E. Open the cylinder valve slowly. 
If, as in the case of an oxygen cylinder 
and regulator, the cylinder valve were 
to be opened suddenly and the cylinder 
had maximum pressure; the sudden 
build up of pressure in the regulator 
may cause considerable heat of com- 
pression within the regulator, The 
temperature at the regulator seat may 
approach 1000 deg. F. and cause the 
seat to fail, 

All approved type pressure regu- 
lators incorporate a safety pressure 
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disc on the low-pressure side. This 
disc is designed to burst at a pressure 
between 100 and 200 psig. This is be- 
low the pressure at whichthe diaphragm 
would burst. If the nozzle or seat should 
leak severely such a safety device 
will keep the regulator diaphragm from 
bursting. 

If the seat is in poor condition or 
leaking, the heat of friction along with 
the heat of compression may cause the 
regulator seat to melt or decompose. 
This action can cause the regulator to 
explode. Do not stand infront of a regu- 
lator, as the cylinder valve is opened 
even when opening it very slowly. 

F. Never use oil on oxygen equip- 
ment. Oil or grease should not be 
allowed to come in contact with any 
part of oxygen welding equipment. Nev- 
er work with welding equipment when 
wearing greasy or oily gloves or 
clothing. 

G. Test for leaks ONLY with a soap 
and water solution. 

H. Never interchange oxygen and 
acetylene regulators or gauges. 

I. Around electricalequipment, insu- 
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late the tanks with wool or rubber to 
prevent grounding. A grounded cylinder 
may allow an electrical arc to form 
and the resulting heating or burning of 
the cylinder may cause an explosion. 


2-16. PRESSURE GAUGES 


As mentioned in a previous para- 
graph, the gauges are mounted on the 
regulators. The high-pressure gauge 
is connected into the regulator between 
the regulator nozzle and the cylinder 
valve. It registers the cylinder pres- 
sure when the cylinder valve is opened. 
The low-pressure gauge is connected 
into the diaphragm chamber of the 
regulator, and registers the pressure 
of the gas flowing to the torch, The 
gauges are built with gears and springs 
similar to a pocket watch, Being of 
delicate construction, they must be 
handled accordingly. Refer to Fig. 
2-27, for details of the construction of 
pressure gauges. 

The basic principle of operation of 
the pressure gauge depends on the 
Bourdon tube, This tube which is made 
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Fig. 2-27. Pressure gauge. Left. Exterior. Right. Internal view. The thread on the gauge 
is national pipe thread, 1/4 in. 
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of phosphor bronze is flat in cross 
section, and is bent to fit inside the 
circular case. It is closed at one end 
and is connected with the pressure to 
be measured at the other. As the pres- 
sure in the tube increases, it tends to 
straighten, As it straightens, it oper- 
ates the gear and pointer mechanisms, 
and the dial is calibrated to indicate 
corresponding pressures, The gauge is 
usually fastened to the regulator body 
using 1/4-in. dia, pipe threads. 

A heavy glass is used to cover the 
dial face and needle and is attached to 
the body by means of a large threaded 
clamp ring (called a bezel). The gauges 
come in various sizes, the 2-1/2, 3, and 
3-1/2-in. diameter dials are the most 
popular. The calibration of the gauges 
depends entirely upon the pressure to 
be used, and the usual recommendation 
is that a gauge be obtained with a dial 
indication of at least 50 percent more 
than the highest pressure to be used 
with the gauge. 

The oxygen high-pressure gauge 
usually has a 3-1/2-in. diameter dial, 
and is calibrated from 0 psig to 3000 
psig. There are two scales onthe high- 
pressure oxygen gauge dial. One is the 
pressure scale. While the other scale 
is calibrated in cubic feet, and indi- 
cates the amount of gas leftinthe cylin- 
der under various pressures whichare 
indicated on the dial, This type of scale 
is suitable for the oxygen, because 
oxygen is stored under direct pressure, 
and the amount of gas remaining in the 
cylinder is proportional to this pres- 
sure (Boyle's Law). 

The high-pressure acetylene gauge is 
usually of 3 in. diameter size, and is 
calibrated up to 400 or 500 psig. 

The low-pressure acetylene gauge is 
usually of 2-1/2-in. dial size and is 
calibrated from 0 to 30 psig or 50 psig 
although many gauges are only cali- 


brated up to 15 lbs. leaving the space 
from 15 to 50 psig blank. 

REMEMBER, ALWAYS KEEP THE 

TORCH PRESSURE OF ACETYLENE 

BELOW 15 psig. 

The oxygen low-pressure gauge has a 
variety of dial calibrations, For light 
welding, the dial (2-1/2 in.) is cali- 
brated up to 50 psig, but for heavy weld- 
ing and for cutting, the gauge may read 
as high as 200, 400, or even 1000 psig. 
The diameter of the gauge used in cut- 
ting is usually 3 in, in diameter. Fig. 
2-28, illustrates some typical pressure 
gauge calibrations. 


HIGH PRESSURE 
OXYGEN 
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OXYGEN 


HIGH PRESSURE 
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Fig. 2-28. Some typical regulator pressure gauge 
calibrations. 


Some rules to be followed when 
handling gauges: 

1, Always have the regulator adjust- 
ing screw turned out when opening the 
cylinders, otherwise the excessive 
pressure may rupture the Bourdon tube 
and permanently damage the low-pres- 
sure gauges; it might also injure the 
regulator. 
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Fig. 2-29. A single-stage regulator with a calibrated 

diaphragm spring. Note the large readings on the bon- 

net and the fewer calibrations on the dial that turns 
with the adjusting screw. (Dockson Corp.) 


2. When opening the cylinder valve, 
or when turning the adjusting screw in 
on the regulator, turnthese stems slow- 
ly because, ifthe pressures are allowed 
to enter the gauges too suddenly, even 
though the pressure is not excessive, 
it will strain the mechanism of the gauge 
and eventually destroy its accuracy. 

3. The pressure to be usedina gauge 
should always be one-halftotwo-thirds 
of the maximum calibration of the dial, 
meaning that if the gauge is calibrated 
up to 300 psig, a 200 psig reading should 
be the maximum used. 

4. White lead, or preferably a paste 
made of glycerine and litharge, should 
be used for sealing the threads that con- 
nect the gauge to the regulator. 

Some regulators use calibrated 
spring-loaded diaphragms in place of 
gauges, Fig. 2-29. These devices use 
less space than the gauges, are of a 
more rugged construction, need less 
service, but are usually not as sensitive 
or accurate as a Bourdon Tube type 


gauge. 


2-17. WELDING HOSE 


For most oxyacetylene welding, a 
flexible device must be used to carry 
the gases from the regulators to the 
torch. The popular means used is re- 
inforced rubber hose. This hose must 
be flexible and strong, and the gases 
must have no deteriorating effect onthe 
materials of construction. The hose is 
built of three principal parts: the inner 
lining which is composed of a very good 
grade of gum rubber; this in turn is 
surrounded by layers of rubber-im- 
pregnated fabric, while the outside 
cover, or wearing cover, is made of a 
colored vulcanized rubber, plain, or 
ribbed, to furnish a long-wearing sur- 
face, see Fig. 2-30. Hose is manu- 


Fig. 2-30. A cutaway of a single welding hose. Note 
the inner rubber, the two layers of fabric and the outer 


rubber cover. (Goodyear Tire and Rubber Co.) 

factured in three common colors; black, 
green, and red, The use ofthese colors 
is not standardized, but the red is 
usually used for carrying acetylene or 
other fuel gases, while either the green 
or the black is used to carry the oxygen. 
The hose is specified according to its 
inside diameter and it comes in several 
sizes. The most common are 3/16,1/4, 
and 5/16 in, ID (inside diameter). The 
size to be used depends on the size of 
the torch, and the length of the hose to 
be used. The 3/16 in, ID hose is very 
flexible and light, andis used extensive- 
ly for light duty welding suchas aircraft 
tubing. The hose can also be obtained as 
double hose to minimize entanglement 
as shown in Fig. 2-31. Suppliers usual- 
ly furnish the hose in 25 ft, lengths. 
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Fig. 2-31. A cutaway of a double welding hose. These 
hoses are fastened together to eliminate entanglement. 
Double hoses have one layer of fabric reinforcement. 


The hose should never be used alter- 
nately, carrying first one gas and then 
another gas. If oxygen were to pass down 
a used acetylene hose, a combustible 
mixture might form, To prevent this, 
special precautions are used when 
attaching the hose to the regulators and 
torch, The hose is clamped to a nipple 
by means of a hose clamp, and this 
nipple is fastened toa regulator or torch 
by means of a nut, The nut and fitting 
have right-hand threads, if they are to 
be used with oxygen, the nut is marked 
OXY, If the fitting and nut are for acety- 
lene, the threads are left-hand and the 
nut is marked ACE. The nut may also 
have a groove machined around its six 
sides, The oxygen nipple sometimes 
uses a rounded nose, while the acety- 
lene uses a straight-faced taper as a 
sealing surface. Fig. 2-32, illustrates 
some typical hose fittings. 

The hose must be carefully handled 
to prevent accidents, It should not be 
allowed to come in contact with any 
flame or hot metal, Care should be 
taken that the hose is not kinked sharp- 
ly, as this might crack the fabric and 
permit the pressure to burst the hose. 
A kink will also hinder the gas flow, 
When the equipment is not being used, 
the hose should be hung away from the 
floor, and away from,other things that 
might injure it. When welding, the hose 
should be protected from falling arti- 
cles, from vehicles running over it, and 
from being stepped on, asthese actions 
might injure the hose. 


Hose reels are available. They are 
usually spring loaded and roll up the 
hose into the container whenthe station 
is not being used. 


2-18. TYPES OF OXYACETYLENE 
TORCHES 


Two types of torches (sometimes 
called blowpipes) are in use at the 
present time. These two types come in 
a variety of sizes and designs: 

A, Welding torch, 

B, Cutting torch (sometimes incor- 
rectly called a burning torch). 

Both of these torches are somewhat 


Similar in construction, but the cutting 
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Fig. 2-32. Hose fittings. Note that the oxygen nipple 
has a bullet shape nose. The acetylene nipple has 
a straight taper. 
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torch is provided with a separate con- 
trol valve which controls an oxygen jet 
which does the cutting. See CHAPTERS 
3 and 4, 
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Fig. 2-33. An oxyacetylene welding torch. 
(Linde Co.) 


and/or stainless steel. The various 
parts are threaded and silver brazed 
together. 

The hand valves are located at the 
end of the torch where the hose is 
attached to the handle or are at the tip 
end of the handle. They are of the 
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Fig. 2-34. A schematic drawing of an oxyacetylene welding torch. 


There are two types of welding and 
cutting torches in common use: 

A. Equal-pressure type (medium- 
pressure type). This is sometimes 
called balanced-pressure type. 

B. Injector-type. 


2-19. EQUAL-PRESSURE TYPE 
WELDING TORCH 


"The gases are mixed in the welding 
torch, and the gases are burned at the 
end of the torch tip. The welding torch 
consists of four main parts as shown 
in Fig. 2-33. 

1. Body. 

2. Hand valve. 

3. Mixing chamber. 

4. Tip. 

The equal-pressure torch is used 
with cylinder gases. Its construction 
necessitates that each gas be supplied 
under enough pressure to force it into 
the mixing chamber, as illustrated in 
Fig. 2-34. Torches are made of several 
materials including brass, aluminum, 


needle-type design. They are usually 
made of yellow brass with a packing of 
asbestos twine, or impregnated leather, 
as shown in Fig. 2-35. These hand shut- 
off valves are used chiefly for shutting 
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Fig. 2-35. A torch valve cross section. 
(National Welding Equip. Co.) 


the gas off and turning it on; however, 
many operators use these valves to 
throttle (make the final adjustment) the 
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HANDLE 


Fig. 2-36. A medium-duty equal-pressure type weld- 
ing torch. (National Cylinder Gas) 


gases being fed to the torch. Figs. 2-36 
and 2-37, illustrate the construction ofa 
medium-duty equal-pressure type 
welding torch, while Fig. 2-38, showsa 
light-duty torch with two different sets 


MIXING 
CHAMBER 
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of tips. 

The mixing chamber is usually lo- 
cated inside the torch body, although 
some torches incorporate the mixing 
chamber in the torch head, Gases are 
fed to this chamber through two brass 
tubes leading from hand valves. The 
size and design of the mixing chamber 
depends on the size of the torch, Some 
torch designs change the size and shape 
of the mixing chamber at the same time 
the tip is changed, The size and shape of 


Fig. 2-37. A cutaway of e medium-duty equal-pressure oxyacetylene welding torch. 
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Fig. 2-38. A light-duty equal-pressure torch. Note the two different sets of tips and also note the location of 


the torch valves. One mixer is used for all tips. 


(KGM Equip. Co.) 
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Fig. 2-39. A typical mixing chamber as used on equal- 
pressure type welding torches. 


the holes and the chambers should 
never be altered, nor should the parts 
be abused, Fig. 2-39, illustrates a well 
designed mixing chamber. The gases 
after being mixed are fed through the 
barrel of the body tothe tip where com- 
bustion takes place. The barrelis made 
separate from the tip. Sometimes the 
barrel and the tip are one piece. 


The orifice, or hole drilledinthe tip, 
must be of accurate size. Tip size or 
number is stamped on the tip and indi- 
cates its size in terms of its ability to 
allow welding gases to flow through it, 
The tips are usually made of copper, 
but some are nickel-plated as a means 
of reflecting the heat and staying cooler. 
PAR. 1-10, explains various systems 
used for indicating torch tip size. In 
this text torch tip size is indicated in 
number drill sizes. Refer to page 27-34, 
for the corresponding tip size for a 
particular manufacturers torch, 

Fig. 2-40, gives useful information 
concerning metal thickness, tip orifice 
sizes, welding rod diameter, and other 
facts concerning gas welding, using the 
equal-pressure type torch. 


SIZE * WELDING OXYGEN ACETYL ENE WELDING 
METAL WELDING ROD SPEED 
THICKNESS TIP ORIFICE DIAMETER PRESSURE CU.FT./HR. PRESSURE CU.FT./HR. FT/HR. 
1/32 74 1/16 in. 1 le 1 ] 
1/16 69 1/16 in. ] 22 ] 2 
3/32 64 1/16 in. 
or 2 525 2 5 20 
3/32 in. 
erin. 
1/8 57 or 3 9.9 3 9 16 
1/8 in. 
3/16 55 1/8 in. 4 17.6 4 16 14 
1/8 in. 
1/4 52 or 5 2725 5 25 12 
3/16 
1/8 in. 
5/16 49 or 6 33. 6 30 10 
3/16 in. 
3/8 45 3/16 in. 7 44. i 40 9 
2 42 3/16 in, 7 66. 7 60 8 


* Note the tip orifice size as shown is the number drill size. These recommendations 
are approximate. The torch manufacturers’ recommendations should be carefully followed. 


Fig. 2-40. A table showing the relationships between welding 
gas pressures, welding rod diameters and metal thicknesses. 
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2-20, INJECTOR-TYPE 
WELDING TORCH 


The injector (low-pressure) type 
welding torch looks much like the equal- 
pressure type torch. 

However, the internal construction of 
the injector type torch is somewhat 
different. The chief characteristic of 
the injector type torch is its ability to 
operate using very low acetylene pres- 
sure, and in general the acetylene pres- 
sure remains practically constant re- 
gardless of the size tip or thickness of 
the metal being welded. 

The ability of this torchto operate on 
low acetylene pressure has certain 
advantages. It is particularly desirable 
for use in connection with acetylene 
generators which by their nature can 
only supply acetylene at alow pressure, 
Also they have the advantage of being 
able to draw, more completely, the 
charge from acetylene cylinders, 

Fig, 2-41, shows the internal con- 


INJECTOR NOZZLE 


lene along with it, Handling the valves 
and the other operation of the torch is 
much the same as with the equal-pres- 
sure type torch, It should be noted that 
the oxygen pressure used in these 
torches is considerably higher than with 
the equal-pressure type torches. Torch 
adjustments should be as recommended 
by the torch manufacturer, The ma- 
terials of construction are usually the 
same as those materials used in the 
equal-pressure torch, 


2-21. WELDING TIPS 


The welding tip supplies the flame 
for gas welding work. It is therefore one 
of the most important parts of the weld- 
ing station, Its size and condition are 
most important, There are twotypes of 
welding tips: 

1]. Detachable type (tip and tip tube 
are separate). 

2. Tip and tip tube are one piece 
(integral). 
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Fig. 2-41. Cross section drawing of mixing chamber area of an injector-type welding torch. The acetylene is 
induced (drawn) into the mixing chambers by the pulling action (suction) of the oxygen jet. Injector torches 
are particularly adaptable for use with acetylene generators which operate under low-pressure. 


struction of the mixing chamber portion 
of an injector type welding torch. It 
should be noted that the oxygen line 
enters the mixing chamber through a 
jet which is surrounded by the acety- 
lene passage. As the oxygen flows from 
the jet it draws (or injects) the acety- 


Fig. 2-42, shows the basic differences 
in the two types. 

The tip is subjected toboth mechani- 
cal wear and flame erosion, As tips are 
removed and installed in a tip tube, the 
attaching threads may be subjected to 
considerable wear and abuse. Wrenches 
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Fig. 2-42. Two commonly used welding tip designs. 


used on these tips should be of the box- 
end type. Pliers should never be used. 
Do not try to remove a hot tip from a 
tip tube. Allow the tip and tip tube to 
cool first. Also, do not install a cold 
tip in a hot tip tube. 

While welding, the molten metal may 
"bop" and throw molten droplets into the 
torch orifice where they may remain 
until removed with a tip cleaner, Also, 
the heat from the flame will cause some 
tip erosion. Always use tips which are 
made for a particular torchas shownin 
Fig. 2-43. Some makes oftorches use a 


MIXER 


Fig. 2-43. A light-duty equal-pressure torch. Note 
that the attachments differ slightly from the ones 
shown in Fig. 2-37. A separate mixer is provided with 
each of the one piece tips. (Air Reduction Sales) 


pliable, heat resistant synthetic gasket 
to seal the joint between the tip tube and 
the torch. With this type of torch, a 
wrench is not needed to install or 
service a tip. Hand tightening is suf- 
ficient. Separate tip tube and tip 
instructions: 

Avoid dropping a tipas the seat which 
seals the joint may be damaged. The 


ORIFICE 


TIP RAZED 
JOINT 


Fig. 2-44. Welding torch tube and tip brazed to form 
a one piece unit. (National Welding Equip. Co.) 


flame end of the tip may receive 
mechanical damage by being allowed to 
come in contact with the welding work, 
the bench or firebricks. This damage 
may roughen the end of the tip and 
cause the flame to burn with a ''fish- 
tant, 

Fig. 2-44, illustrates a popular type 
welding tip. 


2-22. WELDING TIP CLEANERS 


As mentioned in the previous PAR. 
(2-21) welding tips are sometimes 
subject to considerable abuse. How- 
ever, the orifice must be kept smooth 
and clean if the tip is to perform 
satisfactorily. When cleaning a welding 
tip, the orifice must not be enlarged 
nor scarred, Carbon deposits and slag 
must be removed regularly, if good 
performance is expected. 

Special welding tip cleaners have 
been developed which perform this 
service operation satisfactorily. The 
cleaner consists of a series of broach- 
like wires which correspond in diam- 
eter to the diameter of the tiporifices, 
Fig. 2-45. These wires are packagedin 


Fig. 2-45. Welding tip orifice cleaner. (Thermocote) 
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Fig. 2-46. A welding tip orifice cleaner in use. 
(Maitlen & Benson) 


a holder which makes their use safe 
and convenient, Fig. 2-46, illustratesa 
tip cleaner in use. 

Some welders prefer touse a number 
drill, the size of the tip orifice, to clean 
welding tip orifices. Ifanumber drillis 
used it must be used very carefully so 
that the orifice diameter is not en- 
larged, bellmouthed, reamed out-of- 
round, etc. 

The flame end of the tip must be 
clean and smooth. Its surface must 
be at right angles to the center line of 
the tip orifice, if a correctly shaped 
flame is desired. A 4-in. mill file is 
commonly used to reconditionthis sur- 
face, as shown in Fig. 2-47. 


2-23. AIR-ACETYLENE TORCH 


The air-acetylene torch is often 
used where a light portable flame of 


Fig. 2-48. An air-acetylene torch. 


AIR 


Fig. 2-47. Reconditioning the orifice end of a torch tip. 


medium temperature (2500 deg. F.) is 
required, This torchis used extensively 
in copper plumbing (soft soldering), 
refrigeration lines (silver brazing), and 
to solder or braze small parts. If large 
parts are to be silver brazed, the oxy- 
acetylene torch is recommended, 

The air-acetylene torch receives its 
acetylene from a cylinder, through a 
regulator and hose. As the acetylene 
flows through the torch it draws air 
from the atmosphere into it in order to 
supply the oxygen necessary for com- 
bustion, The torch operates on the same 
principle as a Bunsen Burner used in 
chemistry laboratories. 

Fig. 2-48, illustrates an air-acety- 
lene torch outfit. 

The same precautions should be ob- 
served when using the acetylene cylin- 
ders, regulators and torches as re- 
quired when handling the oxyacetylene 
torch. 


(National Cylinder Gas Co.) 
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Cylinders for small portable air- 
acetylene torches come in various 
capacities as illustrated in Fig. 2-11. 
Regular sizes are 10 cu, ft., and 40 cu. 
ft. The 10 cu, ft. cylinder is called the 
MC size. The valve fittings on both of 
these cylinders are Prest-O-Lite 
(POL). 


Fig. 2-49. Welding goggles of the 50 mm diameter lens 
type. These goggles fit over prescription glasses. 
(Jackson Products) 


2-24. REVIEW OF SAFETY WHEN 
HANDLING TORCHES 


The following are some pointers con- 
cerning safety when handling torches. 
These recommendations concern safe- 
ty both to the equipment and to the 
operator: 

1. Do not put a cold tip in a hot tip 
tube since the hot tip tube will produce 
shrinking action on the tip as it cools. 

2. Use only a clean wood surface or 
a leather surface to clean the end of a 
tip. Keep the oxygen flowing during this 
operation to prevent plugging the 
orifice. 

3. Be careful when cleaning a tip with 
a tip cleaner not to increase the size of 
the orifice, or to cause it to become 
out-of-round or tapered. 


4. Always extinguish a torch when- 
ever it is not in your hands. 

5. The torch hand valve should only 
be turned with the fingertips. 

6. If a torch backfires find the trouble 
and remedy it before continuing to use 
the torch. 

7. Each welding station should be 
provided with a hook upon whichto hang 
the torch. 

8. Be careful that a torch is not 
directed toward another person while it 
is being lighted. 

9. Be sure no flammable material is 
near the welding station. 


2-25. WELDING GOGGLES AND 
PROTECTIVE CLOTHING 


The operator must wear suitable 
goggles when doing oxyacetylene weld- 
ing. The flame and puddle of molten 
metal emits both ultraviolet and infra- 
red rays both of which may cause eye 
injury if viewed at a close distance. 
Goggles also protect eyes from flying 
sparks. The glare is reduced too, and 
the operator will be able to see the weld 
puddle more clearly. 

The common welding goggle has a 
sparkproof frame for the lens, and uses 
an elastic to hold the goggles securely 
on the operator's head, The welding lens 
is 50 mm (millimeter) in diameter, and 
each goggle holds two pairs of lenses. 
The outer pair is clear glass, of optical 
quality, and 1/16 to 3/64 in, thick, This 
is called the cover lens and is to pro- 
tect the inner or filter lens from metal 
spatter. These cover lenses need to be 
replaced frequently otherwise the oper- 
ator's view of the weld willbe dimmed. 

The filter lenses are tinted either 
green or brown and are made in a 


variety of shade intensities. The shades 


intensities are indicated by shade num- 
ber. These range from No. 1 to No. 14. 
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BASE METAL 
APPLICATION THICKNESS 
Soldering 
Brazing 
Gas Welding Up to 1/8 in. 
1/8 to 1/2 in. 
1/2 in. and over 
Oxygen Cutting Up to ] in. 
] to 6 in. 
6 in. and over 
Aluminum Welding Up to 1/8 in. 
1/8 to 1/4 in. 
1/4 to 1/2 in. 


1/2 in. and over 


TORCH NO. 


Airacetylene 2 
Oxyacetylene 3-4 
Oxyacetylene 4-5 
Oxyacetylene 5-6 
Oxyacetylene 6-8 
Oxyacetylene 3-4 
Oxyacetylene 4-5 
Oxyacetylene 5-6 
Oxyhydrogen Cobalt Blue* 3 
Oxyhydrogen Cobalt Blue* 4 
Oxyhydrogen Cobalt Blue* 5 
Oxyhydrogen Cobalt Blue* 6 


* NOTE: There are no Federal Specifications for Cobalt Blue lenses. 


Fig. 2-49A. Suggested shade numbers for various gas welding applications. 


Filter lenses must conform to Federal 
Specification GGG-H-211, GGG-G-511, 
and 37 H 4 B.* Approved lenses carry 
the shade number and manufacturer's 
mark, 

Fig. 2-49 illustrates a standard 
welding goggle for use in oxyacetylene 
welding. This particular goggle is de- 
signed with a frame which is large 
enough to be worn over spectacles. 

If the welding or cutting operation, 
is of only a short duration the lighter 
shade indicated may be used. If the 
operation is of long duration or con- 
tinuous, the darker shade indicated 
should be used. In general, the shade 
number should increase as the size of 
the welding tip increases. Fig. 2-49A 
lists recommended shades for various 
welding applications. 

Cover lenses are rather inexpensive. 
Filter lenses are quite expensive. It is 
therefore necessary that the filter 
lenses ALWAYS be protected by cover 
lenses. Many cover lenses are pro- 
tected by a thin layer of transparent 
plastic which keeps metal spatter from 
pitting and adhering to them, The life 
of these plastic coated lenses is great- 
er than that of clear glass. 

Some oxyacetylene welding operators 
prefer to use the eye shield type of eye 
protection, These shields also use both 
the cover glass (plates) and filter 


glass. The lenses are the same size 
as those used in arc welding helmets. 
These shields not only fit over specta- 
cles well but also give a good range of 
vision. Fig. 2-50 illustrates the eye 
shield type of eye protection. 


Fig. 2-50. Eye shield type eye protection. The size 
of the cover glass and filter lens is 2 x 4-1/4 in. 
(Dockson Corp.) 


The filter plates are 2 x 4-1/4 in. in 
size and are marked with both the 
shade number and the manufacturer's 
mark the same as with the 50 mm 
welding lens. 

The rectangular type eye shield may 
be fitted with a headband, as shown in 
Fig. 2-51, for added comfort. 

The welding operator must wear pro- 
tective clothing. His hands should be 
protected with leather or asbestos 
gloves. The cuffs should be either the 
gauntlet type, or an elastic band which 
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makes a tight seal between the glove 
and the coat sleeve. Jackets should be 
either leather or of a fabric treated 
to be nonflammable or slow burn- 
ing. Trousers should be without cuffs 
and the fabric should be treated to 
resist burning. 


2-26. TORCH LIGHTERS 


Matches or burning paper should not 
be used for lighting a welding torch. 
Carrying matches or other combustible 
material such as combs or pens in 
pockets while welding is dangerous, If 
a spark should enter a pocket a serious 
burn might result before the fire can 
be extinguished. 

A flint-and-steel lighter is perhaps 
the most popular type. Fig. 2-52, shows 
this type lighter. Pistol grip spark 
lighters are also available. 

Many establishments which use a 
number of gas welding stations provide 
pilot lights which use either city gas or 
acetylene. The city gas is piped to an 
outlet near the welding station, and a 
small flame is kept burning continuous- 
ly. The flame outlet should be located 
overhead where it will not have any 
chance of igniting anything onthe living 


ADJUSTABLE 
HEAD BAND 


Fig. 2-51. A 2x 4-1/4-in. eyepiece welding goggle 
with a special type headband holding device. 


REPLACEABLE FLINT 


Fig. 2-52. Flint-and-steel lighter. The steel cup tends 

to trap the gas. When the flint is rubbed on the file 

segment, the spark quickly and safely ignites the 
fuel gas. 


level of the room, There are two types 
of acetylene pilot lights; one leaves a 
very small acetylene flame burning at 
the torch tip when the torch valves are 
turned off (not the cylinder valves). 
When the operator turns the acetylene 
on, the flame grows to the desired size 
immediately. The other type providesa 
torch holder which incorporates a pilot 
light, Fig. 2-53, shows a combination 
economizer and lighter. It consists of 
a mechanism through which the oxygen 
and acetylene are first fedbefore going 
to the torch, This mechanism is also 
used as the torch holder, when the torch 
is not being used. Before the torch is 
placed in this holder, it is lighted and 
adjusted. When put in the holder, it 
presses a lever which turns off both 


Fig. 2-53. Combination economizer and torch lighter. 
(National Cylinder Gas) 


the oxygen and acetylene, leaving a 
very small acetylene flame burning at 
a special outlet, or pilot light, as shown 
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7 TORCH 
HANGER 
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in Fig. 2-54. When the torch is lifted 
from this holder, gas flow starts, the 
gas is ignited by the pilot light and the 
torch is ready to be used for welding. 
The device saves considerable gas and 
time. Safety is also improved, as the 
chance of having the torch laid aside 
and continue to burn is minimized, 


Fig. 2-54. Combination economizer and torch lighter. 


(Weldit, Inc.) 


2-27. OXYACETYLENE WELDING 
SUPPLIES 


Many supply items are needed in 
order to perform the usual oxyacety- 
lene welding operations. 
common supplies needed are: 

1. Welding Gases, 

A, Oxygen. 
B, Acetylene. 
2. Welding Rod (Filler metal) for, 
AG VEGI 
B. Stainless steel (CHAPTER 18). 
C. Cast iron (CHAPTER 18). 
D. Aluminum (CHAPTER 18). 
E. Hard surfacing (CHAPTER 20). 

3. Fluxes. 

A. Cast iron welding (CHAPTER 
18). 

B. Aluminum welding (CHAPTER 
18). 

C. Stainless steel welding (CHAP- 
TER 18). 


The more 


Refer to CHAPTERS 15 and 16 for 
lists of supplies needed for soldering 
and brazing. 

4, Firebrick. 

5. Carbon paste and forms. 

6. Asbestos. 

A. Sheet. 

B. Powder, 

. Glycerine. 
. Litharge. 
. White lead. 
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2-28. OTHER FUEL GASES 


The handling and purchasing of oxy- 
gen and acetylene have been explained 
in PAR, 2-3 and2-5 respectively. Some 
other fuel gases are in common use, 
including: 

1. Hydrogen. 

2. LP (liquefied petroleum) propane 
and butane. 

3. Natural gas. 

4. MAPP Industrial gas. 

Hydrogen may be used with oxygen 
instead of acetylene. The resultant 
flame does not produce as high a 
temperature as the oxyacetylene flame; 
however, the oxyhydrogenflame is very 
clean and is recommended for welding 
aluminum and magnesium, Because it 
can be used at a higher pressure than 
acetylene it is also recommended for 
underwater welding and cutting. Since 
hydrogen is itself a reducing agent, 
this flame if properly adjusted, mini- 
mizes oxidation, A regular oxyacety- 
lene torch may be used with hydrogen 
as the fuel gas. Hydrogen is supplied in 
cylinders similar to oxygen and the 
pressures in the cylinders are about 
the same. The standard sizes of hydro- 
gen cylinders are: 

200 cu, ft. 
100 cu, ft. 

Hydrogen cylinders are fitted with 

special fittings and the regulators used 
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on these cylinders must be provided 
with proper mating attachments. 
Hydrogen has no odor and with either 
air or oxygen it forms a possible power- 
ful explosive mixture. Hydrogen con- 
nections should be regularly checked 
for leaks using a soap-and-water 
solution. 

Liquefied petroleum is sold under a 
variety of names. It has some vari- 
ations in chemical analysis. For weld- 
ing use, the general title of liquefied 
petroleum (LP) gas is used. This fuel 
is supplied in liquid form and is under 
a positive pressure which varies with 
the temperature. LP gasis used mostly 
for cutting, soldering, and brazing. 
Most oxygen cutting torches can use 
LP fuel by the use of the correct tip. 
An atmosphere (air feed) type torch is 
commonly used for general heating 
purposes using this fuel. 

LP gas is sold by the pound, Com- 
mon sizes of tanks are: 

20 1b. 
35 lbs 
60 1b. 
100 1b. 

The customer usually purchases the 
20 and 35 lb. size and returns them to 
the dealer for refilling. The 60 and 100 
lb. sizes are usually leased, Industries 
which use large quantities of LP gas 
provide their own bulk storage. The 
fuel is delivered to them from bulk 
tank cars or trucks, 

When using LP gas, the pressure 
must be regulated using an LP gas 
regulator, These regulators are usually 
supplied with two gauges; one gauge to 
show the pressure in the storage tank, 
and the other to indicate the pressure 
in the torch or burner line, These regu- 
lators are usually attached to the tank 
using a standard Prest-O-Lite (POL) 
fitting. 

Natural gas, as now piped to most 


communities, is an excellent fuel for 
certain uses. It is particularly adapt- 
able for cutting, soldering, brazing 
and preheating. 

Because natural gas is delivered at 
a rather low pressure, injector type 
torches are used both for cutting and 
for general heating. Some small torches 
have been developed which use com- 
pressed air and natural gas particu- 
larly for soldering and brazing. Natural 
gas serves very nicely for many pre- 
heating operations, Natural gas piping 
installations which use either com- 
pressed air or oxygen should be pro- 
tected by a water seal or a blow back 
valve to keep air and oxygen from back- 
firing into the gas supply line. Always 
consult with local safety authorities on 
this matter. 

Stabilized methylacetylene-pro- 
padiene is a fuel gas sold under the 
trade name of MAPP. Thisatrademark 
of the Dow Chemical Co. It should be 
noted that this fuel gas is not a mixture 
of Calcium Carbide generated acety- 
lene with other substances but rather 
it is a compound of methylacetylene. 
The fuel has the safety and ease of 
handling of liquefied petroleum gas 
(LPG) with a heating value approaching 
that of acetylene. 

This fuel may be stored and shipped 
in the liquefied state, The cylinders are 
available in various sizes. The usual 
acetylene regulator may be used with 
this gas andthe cylinders have the same 
thread as acetylene cylinders. 

This fuel has some advantages over 
acetylene when used for cutting. It 
has a narrower explosive range, it 
being 3.4 percent to 10.8 percent inair 
compared to 2.5 percent to 80 percent 
for acetylene. 

It is used for underwater cutting 
since it may be used at pressures of 
over 15 psig and acetylene cannot, 
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All usual cutting torches may be 
used with the fuel. However, special 
tips made for MAPP gas shouldbe used. 
These tips are available for all com- 
mon cutting torches. 

OXY-MAPP cutting is rapid and a 
very liquefied slag is formed which 
flows away leaving a clean cut. 

The customer usually owns the stor- 
age cylinders so there are no demur- 
rage costs, Since the fuel is in the 
liquid form, a cylinder of MAPP fuel 
contains many more cubic feet of gas 
than an acetylene cylinder of equal size, 


2-29, GAS WELDING ROD 
(Filler rod metal) 


The American Welding Society de- 
fines welding rod as follows: "Filler 
metal, in wire or rod form, usedin gas 
welding and braze welding, and those 
arc welding processes wherein the 
electrode does not furnish any or allof 
the filler metal." Inthis paragraph only 
the gas welding rods will be studied. 
The electric arc processes are ex- 
plained in CHAPTERS 5 to adinel. 

Some common gas welding rods are: 

1. Mild steel. 

2. Cast iron. 

3. Stainless steel. 

4. Braze welding alloys. 

5. Aluminum, 

A. Drawn, 
B, Extruded. 
C. Cast. 

The mild steel, braze welding alloys, 
stainless steel, and some aluminum 
rods are usually made in 36 in. lengths 
and are available in the following 


diameters: 
1/16 in. 5/32 in. 5/16 in. 
3/32 in. 3/16 in. 3/8 in. 
jus 1/4 in. 


They are packaged in 50 lb. bundles. 
Mild steel welding rods are copper 


coated to keep them from rusting. 
Aluminum rods or wires are packed in 
36 in. lengths or in coils. Some alumi- 
num rods are flux coated, The coated 
rods are sold in 28 in. lengths. 

Iron and steel gas welding rod speci- 
fications are sometimes confusing, al- 
though the problem is somewhat simpli- 
fied by the fact that the old Army Air 
Corps, Navy, and Federal specifications 
are now combined into one name and 
one series of numbers under military 
(MIL) specifications. However, boththe 
MIL and the American Welding Society 
(AWS) numbers are still used, In this 
text specification numbers refer to 
AWS numbers. 

The following are the AWS numbers 
for oxyacetylene welding rods: 


GB-45 GB-60 
GA-50 GA-65 
GA-60 GB-65 


In these numbers, the letter G stands 
for gas welding. The letter A stands for 
welding rod metal of higher ductility. 
The letter B stands for welding rod 
metal of lower ductility. The numbers 
45, 50, 60 and 65 stand for the maxi- 
mum tensile strength of the weld pro- 
duced in thousand pounds per square 
inch, (65 = 65,000 psi). 

Fig. 2-55 lists the characteristics 
and recommended use of the GB-45 
welding rod. Refer to CHAPTER 28, 
for similar information concerning the 
other AWS rods for gas welding. 


2-30. WELDING FLUXES 


The American Welding Society de- 
fines flux as follows: "Material usedto 
prevent, dissolve or facilitate removal 
of oxides and other unde sirable 
substances." 

Fluxes are required when gas heating 
certain metals with the intent to join 
them with solder, silver alloys, copper 
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TENSILE 
STRENGTH MAX. MAX. 
LBS./SQ.IN. PERCENT PERCENT 
45,000 0.06 0.15 


CARBON MANGANESE SULPHUR PHOPHORUS SILICON 


MAX. MAX. MAX. 
PERCENT PERCENT PERCENT 
0.04 0.04 0.08 


Application: For general gas welding, structural steel pipe lines, tanks, mild sheet 
steel, and auto body repair. Produces u very ductile weld. Stress relieving not required. 


Easily machinable. 


Fig. 2-55. Characteristics of the AWS. GB 45 Welding Rod. 


alloys or to weld them, The composition 
of a flux is determined by the specific 
application for which it is made, 
The general classification for fluxes 
is: 
Soldering: 
Aluminum, 
Copper alloys. 
Galvanized sheet. 
Sheet steel, 
Stainless steel. 
Brazing: 
Aluminum. 
Steel. 
Cast iron. 
Copper alloy. 
Steel alloy(such as stainless steel). 
Welding: 
Aluminum welding. 
Braze welding. 
Cast iron welding. 
Stainless steel welding. 


2-31. FIREBRICKS 


Firebricks are used to form weld- 
ing table tops, to build forms around 
articles to aid with preheating, and/or 
stress relieving. They are useful for 
building up supports for articles to be 
welded or brazed, They can be safely 
used even in places which become 
heated, or, are exposed to the welding 
or cutting flame, 

Firebricks are made of refractory 
(difficult to burn) materials. 

The size of firebricks in common 
use is 8-3/4 x 4-1/2 x 2-1/2 in. 


2-32. CARBON PASTE AND FORMS 


There are many places where the 
welder will find this material useful. 
A few typical uses are: 

1. For building dams to contain the 
molten metal when building up a broken 
section, 

2. For protecting drilled or threaded 
holes which are in or adjacent to a 


weld or braze. 


3. For building up a support for an 
uneven surface which is to be welded, 

4. As a protecting cover over metal 
which is adjacent to a weld but which 
might be injured by spatter or heat. 


EASY RELEASE LEVER 


CLAMPING 
LEVER 


et 


Fig. 2-56. Clamping pliers for holding stock being 
welded or brazed. (Peterson Mfg. Co.) 


The paste form is available in various 
size cans, The formed carbon is avail- 
able in round or square rods and in 
plate form, See CHAPTER 18 for more 
information, 
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Fig. 2-57. Application of the clamping pliers shown 
in Fig. 2-56. 


2-33. ASBESTOS 


Asbestos paper is particularly useful 
when building up an enclosure to aid 
with the preheating of a large casting 
such as an engine block or the like. A 
temporary furnace can be quickly con- 
structed using sheet asbestos and fire- 
bricks. Sheet or asbestos paper is 
supplied in 1/16 and 1/8 in. thickness 
and in rolls 36 in. wide. 

Powdered asbestos is sometimes 
used in a metal box where small 
malleable iron castings are placed after 
welding or braze welding, in order that 
they may cool slowly. Powdered as- 
bestos may be mixed with water and 
molded over surfaces to be protected 
during welding or brazing. This asbes- 
tos paste serves the same purpose as 
carbon paste. 

Asbestos sheet or molded transite 
board is often used to support welding 


exercises as they are being welded, The 
asbestos acts as an insulator and per- 
mits better heat control of the metal, 


2-34. GLYCERINE, LITHARGE 
AND WHITE LEAD 


A paste made with glycerine and 
litharge makes an excellent sealing 
compound, to seal pipe threads when a 
very strong seal is required, Such a 
paste is not recommended for pipes or 
other fittings which need to be dis- 
mantled regularly. It is safe to use on 
oxygen line joints. White leadis recom- 
mended for threaded joints which may 
occasionally have to be disconnected. 

WHITE LEAD SHOULD NEVER BE 

USED ON OXYGEN LINE. 


2-35. CLAMPS AND CLAMPING 
FIXTURES 


The success or failure of many weld- 
ing operations depends on how the 
metals are held in place during the 
welding operation, Many varieties of 
clamps and clamping devices have been 
developed for this purpose. 

Pliers with clamping jaws of special 
design for holding and aligning parts 
are shown in Fig. 2-56, The pliers have 
deep jaws to enable clamping around 
obstructions. Fig. 2-57, shows various 
applications for this type of clamping 
pliers. Various shapes maybe clamped 
for welding withthe chain-clamp pliers, 
shown in Fig. 2-58, C-clamp pliers have 


Fig. 2-58. Quick release chain-clamp pliers. This 
clamp is capable of clamping material of almost any 
shape. 
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also been developed to hold parts firm- 
ly and in alignment as shown in Fig. 
2-59. 


Fig. 2-59. C-clamp pliers. 


Fixtures of various designs are very 
convenient for aligning, holding, and 
positioning various shaped metals, as 


Fig. 2-60. Special alignment fixtures for holding stock 
which is being welded. (Wales Strippet, Inc.) 


shown in Fig. 2-60. No. 1, in the 
illustration, shows a special double 
fixture with a protractor scale which 
makes quick and accurate aligning of 
the parts possible, 


2-36. TEST YOUR KNOWLEDGE 


1. What type safety device is used on 
an oxygen cylinder? 

2. What type safety plug is used on an 
acetylene cylinder? 

3. What type threads are used on acety- 
lene fittings? 

4, What type threads are used on oxy- 
gen fittings? 

5. Of what materials are pressure- 
regulator diaphragms made? 

6. Why must oil not be used on weld- 
ing station fittings? 

7. How is the hose fastened to the 
torch? 

8. Why are the welding hoses colored? 

9, What calibration gauge is used for 
the low-pressure oxygen when ordinary 
welding is being done? 
10. What is the maximum pressure 
which should be used witha gauge whose 


highest calibration is 400 psig? 

11, What is a two-stage regulator? 

12. How may one determine how much 
oxygen and acetylene pressure to use 
with a particular tip? 

13. What protection do welding goggles 
provide? 

14. What are the two types of torches? 
15. Why is a flux necessary for certain 
types of welding? 

16. Is it necessary to use a flux when 
welding mild steel? Why? 

17. Describe an application for carbon 
paste. 

18. What is the size of the regulation 
firebrick? 

19. Name some uses for asbestos sheet 
and packing. 

20. Why are matches not recommended 
for lighting welding torches? 
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OXYACETYLENE 
CUTTING 


In oxyacetylene cutting of metal, 
an oxyacetylene flame is used to heat 
the metal, and an oxygen jet to per- 
form the cutting. The terms "flame 


e oxyacetylene welding and cut- 
(Modern Engineering Co.) 


Fig. 3-1. A portabl 
ting outfit. 
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cutting" and "flame machining," may 
also be used to correctly identify the 
process. 

The art of oxyacetylene cutting has 
progressed rapidly, and it is now 
possible to accurately flame cut both 
very thin, and very thick steel sec- 
tions, For production work many layers 
of metal may be cut at the same time, 
which reduces both time and costs. 

Oxyacetylene cutting is particularly 
useful when shaping metal parts prior 
to the fabrication of machine frames 
and building structures. In such fabri- 
cation, standard rolled plates or sec- 
tions may be cut to accurate size, and 
then welded together to form a solid 
steel structure. Such structures are 
strong, economicalto build, and present 
an attractive appearance. 


3-1. OXYGEN CUTTING TORCH 


A cutting torch is similar to a weld- 
ing torch, but in addition, has a separate 
passageWay provided forthe oxygen jet. 
See OXYGEN CUTTING CHEMISTRY, 
CHAPTER 28, for an explanation ofthe 
chemistry of oxyacetylene cutting. This 
chapter will deal with only the procedure 
for oxyacetylene cutting. See CHAPTER 
19 for other methods of cutting. 


3-2. OXYACETYLENE CUTTING 
PROCESS 


The oxyacetylene cutting process 
consists of using one or more oxy- 


CUTTING 
OXYGEN 


CUTTING 
HEAD 


1 P REH EAT 


TORCH (PREHEAT) 
OXYGEN VALVE 


CUTTING OXYGEN 
VALVE ades 


d: 


TIP OXYGEN ACETYLENE ACETYLENE , e 
TUBE TUBE VALVE 


75° ANGLE TORCH HEAD 


Fig. 3-2. Cutting torch with three tubes, which has the preheat flame mixing chamber in the torch head just 


above the cutting tip. 


acetylene flames to heat a spot on a 
piece of steel to a "cherry red" tem- 
perature (approximately 1800 deg. F.). 
The oxyacetylene flames are adjusted 
and used in the same manner as when 
these flames are used for welding. When 
the spot in the metal reaches the 
"cherry red" temperature, the oxygen 
jet is turned on, and as rapidly as the 
jet action cuts the metal, the torch is 
moved in the direction you want the 
cut to travel, or be created, The pre- 
heat flames are kept operating during 
the cutting action, as the cutting action 
may cease unless the heat from the 
preheat flames provide extra heat (the 
oxidation action alone will not usually 
supply enough heat to permit cutting 
to continue). As the cutting torch is 
moved along the line to be cut, a kerf 
(slot) is created behind the tip. 


3-3. CUTTING OUTFIT 


An outfit used for manual oxyacety- 
lene cutting, except the torch, is similar 
to the oxyacetylene welding outfit, 
shown in Fig. 3-1, The term cutting 
outfit is used to include all equipment 
required to perform a cut. A cutting 


(KGM Air Products) 


station would include the outfit, light- 
ing, ventilation, a cutting table, and 
possibly a booth, 

Since the torch must provide an oxy- 
gen cutting jet, it is quite different 
than a welding torch, 

Because the oxygen pressures used 
for cutting are usually higher than the 
pressures used when welding, a 
heavier-duty oxygen regulator may be 
used, also a heavier-duty oxygen hose. 

You should carefully review CHAP- 
TER 1, before connecting and operating 
the oxyacetylene cutting outfit, Infor- 
mation concerning cylinders, mani- 
folds, regulators, hose, torches, and 
tips applies to the oxyacetylene cutting 
outfit, 


3-4. OXYACETYLENE 
CUTTING TORCH 


In an oxyacetylene cutting torch the 
heating flame does not come from the 
center of the tip, but rather from 
several orifices arranged in a circle 
around a center oxygen orifice. Fig. 
3-2, illustrates a typical oxyacetylene 
cutting torch. Fig. 3-3, shows a differ- 
ent design. Note that the operator 


Fig. 3-3. Schematic cross sectional drawing of cutting torch with preheat mixing chamber located between the 


torch tubes and handle. 
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CUTTING OXYGEN VALVE 


REPLACEABLE SEATS IN TIP 


STAINLESS STEEL TUBES 


ALL JOINTS 
SILVER SOLDERED 


OXYGEN PRE-HEAT VALVE 


FLO-TROL CHECK VALVE —— 


* 
SLIP-IN HEATING, WELDING TIPS 
[T CUTTING ATTACHMENT 


(WRENCH NOT MEDI] 


ww 


OXYGEN CUTTING VALVE S 


OXYGEN CUTTING LEVER 


TORCH BODY 


me | FUEL GAS PASSAGES 


OXYGEN PASSAGES STAINLESS STEEL 


BALL TYPE VALVES 


FUEL GAS 


Fig. 3-4. A sectioned view of cutting torch attachment mounted on a welding torch handle. The preheat gases 
are mixed in the head of the torch. 


3-3 


Modern Welding 


controls the cutting operation through 
the use of a cutting oxygen lever. In 
operation, a preheating flame is main- 
tained at the tip through small orifices 
arranged around the center orifice, The 
desired cuts are made by depressing 
the cutting oxygen lever on the torch 
which controls the flow of oxygen from 
the center orifice as shown in Fig. 
3-4, A cutting torch is connected to 
oxygen and acetylene cylinders the 
same as a welding torch, as explained 
im PAR. 1-7 and 1-8, 


METAL PREHEAT CUTTING 
THICKNESS ORIFICE ORIFICE 
DRILL SIZE DRILL SIZE 
1/8 - 3/8 in. 70 67 
3/8 - 3/4 in. 58 62 
3/4- ] in. 57 54 
1-1/2- 2 in. 68 5] 


reading. Then, turn the cylinder valve 
all the way open to close the double- 
seating valve, which closes any possible 
opening through which oxygen may 
escape along the valve stem. While 
doing this, the operator should standto 
one side of the gauges. 

4. Open the acetylene cylinder valve 
slowly 1/4 to 1/2turn. Leave the acety- 
lene cylinder valve wrench in place so 
the cylinder valve may be shut off 
quickly if necessary. 

5. Open the torch oxygen valve one 


OXYGEN ACETYLENE SPEED 
PRESSURE PRESSURE INCHES PER 
PSIG PSIG MIN. 

20 - 30 3 14- 18 
30 - 40 5 12- 15 
40 - 45 5 10- 12 
45- 50 5 9-10 


Fig. 3-5. Table showing approximate oxygen and acetylene pressures used when cutting sheet steel with the 


equal-pressure type cutting torch. 


NOTE: Most cutting tip manufacturers will recommend a range of at least three sizes for any particular cut- 
ting condition. One end of the range will give maximum economy, the other end maximum speed. For the learn- 


er the middle size is usually the best. 


The above table is for a torch using a tip which provides four preheat orifices. For heavier or faster cutting 
a tip which provides 6-8-10-12 preheat orifices may be used. 


Two different types of flame cut- 
ting torches are in use: 

1. Equal-Pressure Torch, 

2. Injector Type Torch, 


3-5. LIGHTING EQUAL-PRESSURE 
TYPE OXYACETYLENE 
CUTTING TORCH 


In general, the steps to follow in 
lighting the equal-pressure type hand 
cutting torch are: 

1, Check the equipment to make sure 
all parts are in good condition, 

2. Inspect the regulators, The adjust- 
ing screws of the regulators should be 
turned all the way out, 

3. Open the oxygen cylinder valve 
very slowly until the regulator high- 
pressure gauge reaches its maximum 


Fig. 3-6. Single-stage nozzle type oxygen regulator. 
The low-pressure gauge is calibrated up to 200 psig 
indicating this regulator is used in cutting operations. 
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Acetylene Burning in Atmosphere 
Open fuel gas valve until smoke clears from flame. 
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Carburizing Flame 
(Excess acetylene with oxygen.) Preheat flames require more oxygen. 


— 


Neutral Flame 
(Acetylene with Oxygen.) Temperature 63009. Proper preheat adjustment for cutting. 


— E. 


Neutral Flame with Cutting Jet Open 
Cutting jet must be straight and clear. 


ET . — 


Oxidizing Flame 
(Acetylene with Excess Oxygen.) Not recommended for average cutting. 


Fig. 3-7. Conditions of oxyacetylene cutting flame when adjusting the torch. 
(Smith Welding Equip. Corp.) 
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Fig. 3-8. Cross section of an injection type cutting torch. The acetylene is induced into the mixing chambers 
by the pulling action (suction) of the oxygen jet. This injector type cutting torch is particularly adaptable for 
use with acetylene generators which operate under low-pressure. 


turn. With this valve open, next open 
the oxygen cutting valve and adjust the 
oxygen regulator to give the desired 
operating cutting pressure, If the oxy- 
gen cutting valve is not opened while 
adjusting the oxygen pressure, a drop 
in oxygen pressure will occur when this 
valve is opened during the cutting 
operation producing a reduced preheat 
flame, and a poor cut may result, See 
table Fig. 3-5, for suggested oxygen 
and acetylene pressures for cutting. 
Close the torch oxygen valves. 

6, Open the acetylene torch valve one 
turn, Turn the acetylene regulator 
adjusting screw in slowly until the low- 
pressure acetylene gauge indicates the 
pressure corresponding to the tip size, 


as shown in Fig. 3-5. Close the torch 
acetylene valve. The regulator pres- 
sures are now adjusted. Fig. 3-6, 
shows a single-stage regulator de- 
signed for use on a cutting outfit. 

7, To light the torch, open the torch 
acetylene valve approximately 1/16 
turn, Then, use a flint lighter to ignite 
the acetylene. 

8. Next increase the flow of acetylene 
(open the torch acetylene valve) until 
the acetylene flames jump away from 
the end of the tip slightly and back again 
when the torch is given a shake or 
whipping action, An alternate method of 
adjusting the acetylene after the torch 
is lighted, is to turn on the acetylene 
until most of the smoke clears from the 
flame. See Fig. 3-7, for illustrations of 


various conditions of the flame 
adjustment, 

9. Now open the torch oxygen valve, 
and adjust it to give good neutral flames 
at the tip. Open the cutting oxygen 
valve, and readjust the preheat flame 
to compensate for any oxygen pressure 
drop through the torch. The torch is 
now adjusted and is ready to be used 
as a cutting torch, 


3-6. LIGHTING INJECTOR 
TYPE OXYACETYLENE 
CUTTING TORCH 


Fig. 3-8 illustrates the typical gas 
flow through an injector type oxyacety- 
lene cutting torch, The following pro- 


cedure is for lighting such a torch: 

1. Check the equipment to make sure 
all parts are in good operating 
condition, 

2. Inspect the regulators. The adjust- 
ing screws of the regulators should be 
turned all the way out. 

3. Open the oxygen cylinder valve 
very slowly until the regulator high- 
pressure gauge reaches its maximum 
reading, then turn the valve all the 
way open. 

4. Using an acetylene cylinder 
wrench, slowly open the acetylene cyl- 
inde? valve 1/4 to 1/2 turn. Leave the 
wrench in place on the acetylene cylin- 
der valve. 

5. Open the torch oxygen valve 1/4 
turn. Open the torch oxygen cutting 
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orifice lever wide open. Adjust the oxy- 
gen regulator screw to give the correct 
delivery pressure, as shown in the table 
in Fig. 3-9. Close the torch oxygen 
valves. 


METAL PREHEAT CUTTING ORIFICE 

THICKNESS ORIFICE DRILL SIZE 
DRILL SIZE 

1/8 - 1/4 in. 75 67 

1/4- 3/8 in. 74 62 

3/8 - 1/2 in. 12 59 

1/2- 3/4 in. 71 55 

3/4- 1 in. 70 54 
1-1/2-2 in. 68 51 


OXYGEN REGULATOR 


To cut, bring the tip of inner cone of 
the preheating flames to the edge ofthe 
metal to be cut. The cutting torch 
should be held so that the inner cone on 
the preheat flames are about 1/16 to 


ACETYLENE REGULATOR 


PRESSURE PSIG PRESSURE PSIG 


* 


15- 20 
20 -25 
25- 30 
30 - 35 
35- 40 
45-50 


— — ad lI 3l 


* The pressure as shown may be necessary in order to light the torch. After the torch has been lighted, it may 
be necessary to readjust the acetylene regulator so the low-pressure gauge shows no pressure. 


Fig. 3-9. Table of the approximate oxygen and acetylene pressures used when cutting steel with injector type 
cutting torch. 


6. Open the torch acetylene valve 
ful. Adjust the acetylene regulator 
delivery pressure to give the pressure 
required in the above table. Close the 
torch acetylene valve. 

7. The pressures are now adjusted, 
and the cutting torch is ready to be 
lighted. 

8. To light, open the torch oxygen 
valve 1/4 turn. Open the torch acety- 
lene valve fully. Use a spark lighter 
to ignite the fuel gas. 

9. Press down the oxygen cutting 
orifice lever and adjust the torch 
acetylene valve until the preheating 
flames are neutral. 

10. The torch is now adjusted, lighted, 
and ready to perform oxyacetylene cut- 
ting operations. 


3-7. USING A CUTTING TORCH 


The cutting torch must be carefully 
used if you are to obtain accurate and 
clean cuts in the metal. The tip must 
be in excellent condition, the preheat 
flames must be correctly adjusted, and 
the cutting oxygen pressure must be 
correct, 


1/8 in, from the surface of the metal 
being cut, as shown in Fig. 3-10, 

As soon as the surface of the metal 
has been heated to a cherry red or 
white heat color, openthe oxygen cutting 


\ 
Fig. 3-10. Drawing which shows correct oxyacetylene 
cutting torch position for starting cut, also the re- 


quired change in the torch position as the cut 
progresses. 
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valve all the way. The jet of oxygen 
coming through the center of the tip 
(oxygen jet) will cause the heated metal 
to burn (oxidize) away, forming the 
cut (kerf). 

One of the best indications of a good 
cutting operation is the appearance of 
the slag stream at the bottom of the 
cut. The ideal slag stream slants a 
little in the direction of the torch 
motion, If the slag stream lags behind 
the torch tip travel, the flame adjust- 
ment, and/or the cutting pressure ad- 
justment is too little (not enough heat 
and/or not enough oxygen) or, the 
tip travel is too fast. 


3-8. CUTTING ATTACHMENTS 


Most manufacturers of oxyacetylene 
welding and cutting torches market a 
cutting attachment, which may be 
attached to the welding torch to change 
it into a cutting torch. The cost of 
such an attachment and the welding 
torch on which to attach it, is usually 
less than the cost of a separate weld- 
ing torch and a cutting torch, For 
portable kits, such an attachment saves 
space, To attach a cutting attachment, 
it is only necessary to remove the 
welding tip tube, and screw on the 
cutting attachment. This saves changing 
hose lines and simplifies changing from 
welding to cutting operations. 


CUTTING OXYGEN LEVER m 
— ERES 

"—- — 
E J LI 


PREHEAT ATTACHMENT 
OXYGEN TO WELDING TORCH BODY 
VALVE 


Fig. 3-11. Cutting attachment which is used to con- 
vert an oxyacetylene welding torch into a cutting torch. 


(Victor) 
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The operation of the torch with the 
cutting attachment is the same as the 
operation of a regular cutting torch. 
Fig. 3-11, illustrates a cutting attach- 
ment. You must remember to open the 
torch handle oxygen valve wide-open, 
and adjust the oxygen regulator to the 
proper cutting jet pressure, for satis- 
factory operation. 


3-9. CUTTING TIPS 


The cutting tip will normally have 
at least two orifices, One orifice, which 
is usually in the center of the tip, is 
for the cutting oxygen and one or more 
smaller orifices are for preheating the 
metal to be cut, as shown in Fig. 3-12 
(upper left corner). Cutting tips may be 
of one or two piece construction, 

For satisfactory service, tips must 
be kept in good condition, The orifice 
end must be clean; the surface must 
be at right angles to the orifices so 
the preheat flame is shaped and aimed 
properly. The sealing faces ofthat part 
of the tip, (which fastens into the torch 
body) must be clean and free from 
scratches, burrs, nicks, etc., or these 
joints may leak. Clean the tips as 
described in CHAPTER 4, 

Always store the extra tips in soft 
holders (such as holes drilled in a 
wood block). 

You should avoid doing any tapping, 
pounding, or prying with the torch tip. 

See CHAPTER 4 for more detailed 
information on tip construction and 
special purpose cutting tips. 


3-10. CUTTING STEEL WITH OXY- 
ACETYLENE CUTTING TORCH 


Metals which may be cut with the 
oxyacetylene cutting torch may be 
divided into two classes: 

1. Metals whose oxides have a lower 
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melting temperature than the metal. 

2. Metals whose oxides have a high- 
er melting temperature than the metal, 

Practically all steels fall under the 
first classification and, therefore, cut- 
ting presents little difficulty. When the 
cutting jet is turned on, the iron oxides 
which form, melt at a lower tempera- 
ture than the base metal and are blown 
away, leaving a clean and straight cut. 
Fig. 3-12 shows a cutinprogress, With 
an expert handling a cutting torch, or in 


CUTTING 
OXYGEN 
ORIFICE 


PREHEAT 
ORIFICE 


= 


DIRECTION OF 
TORCH TRAVEL 


impossible to cut an even kerf. It is 
very important that these refractory 
oxides be reduced by chemical action 
or be prevented from forming. See 
CHAPTER 19. 

Items of importance to be watched 
in cutting are: 

1. Pressure of the oxygen fed to 
the» cut, 

2. Size of the oxygen jet orifice. 

3. Speed of the cutting torch across 
the metal, 


( 
AN 
Gez 


DRAG 


Fig. 3-12. An oxyacetylene cutting torch being used to cut a steel plate. Detail 


A shows end view of a typical cutting 


tip with a center oxygen orifice, and four 


preheat orifices. 


automatic machine cutting, the kerf or 
slot formed during the cut has a smooth- 
ness of almost machine like quality. 
The second group, which includes 
cast iron, some alloy steels, such as 
stainless steel, and nonferrous metals 
presents a complication because the 
oxide has a higher melting tempera- 
ture than the metal. It is almost 


4. Distance of the preheat flame from 
the metal. 

5. Size (amount of heat) of the pre- 
heat flames. 

6. Torch tip position (angle) relative 
to the metal. 

It should be noted that the oxygen 
pressure will determine the velocity 
of the oxygen jet. The orifice size will 
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determine the amount of oxygen, CFM 
(cubic feet per minute) at any particular 
pressure, 

The cut should proceed just fast 
enough to provide a slight amount of 
drag at the line of cutting. If the drag 
is too small, the oxygenconsumptionis 
too great. If the drag is large, the cut- 
ting tip orifices may be too small for 
the job. 

Fig. 3-13, shows the result if too 
much oxygen is fed to the steel being 
cut, The cut widens out as the jet 
penetrates the thickness of the metal, 
leaving a bellmouth on the side of the 
metal away from the torch, 

Fig. 3-14, shows the result if the 
torch is moved too rapidly across the 
work, The metal at the bottom, or far 
side of the cut, will not be burned away, 
since it did not receive enough heating 
and oxygen to complete the cut, Since 
the metal is not cut away completely, 
the resulting turbulent action of the 
torch gases will leave a very rough 
and irregular shaped kerf. 

If the torch is moved too slowly 
across the work, the preheated metal 
- will be completely burned away, and 
the preheating flame wasted, In such 
a case, the oxygen to the cutting orifice 
should be closed off, and the metal 
heated to the proper temperature by 
the preheating flames, before turning 
the cutting oxygen on again. These 
starting and stopping periods may also 
cause an irregular cut. 

Metal which is very dirty and rusty 
should be cleaned before starting the 
cutting operation, as the impurities will 
slow the cutting speed, and may cause 
a rough and irregular kerf. 

The torch motion to be used in cutting, 
is a matter of the operators own ex- 
perience. Usually no motion is used. In 
some cases the thickness of the metal 
necessitates an oscillating motion in 


order to obtain the necessary width 
of cut. 

The operator, when cutting, should 
stand in a comfortable position, and 


STEELE 
PLATE 


SLAG 
BELL MOUTHED KERF 


Fig. 3-13. The effect of using too much oxygen when 
cutting steel. Note how the kerf widens at the bot- 
tom of the plate. 


stand where he can look into the cut as 
it is being formed, This positioning also 
means that the torch movement should 


OXYGEN 


PREHEATING MIXTURE 
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Fig. 3-14. The effect of moving a cutting torch too 
rapidly across the work. 
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be away from the operator, rather than 
toward him, in order that he may see 
into the kerf, The torch is usually held 
with both hands. 


DIRECTION OF 
TORCH MOVEMENT 


drops from the cut. A container should 


be placed under the cut, to catch the 
very hot liquid slag. Itis preferred that 
this container be refractory lined, 


Fig. 3-15. A recommended procedure for cutting thin steel. Notice that the two preheat flames are 
in line with the cut (kerf). 


Normally the tip is perpendicular to 
the surface being cut. The end of the 
preheating flame, inner cone, should 
just avoid touching the metal. 

The operator should wear asbestos 
leggings, and the cuffs of the trousers 
should be covered to keep them from 
catching the white hot metal slag as it 


IN 


TRAVEL 


SECTION A-A 


3-11. CUTTING THIN STEEL 


Cutting steel of 1/8 in, thickness or 
less, requires the use of the smallest 
cutting tip available. In addition, the 
tip is usually pointed in the direction 
the torch is traveling. By angling the 
tip, the preheating flames have a chance 


ap 


Saa 


p 


ene dh HA WE As 
- - 


Fig. 3-16. A recommended technique for cutting thick steel. Note the position of the torch tip pre- 

heat orifices in relation to the line of the cut (kerf). Two preheat flames are in the line of the 

torch progress. This position enables one preheat flame to be ahead of the cut, two flames to heat 
the sides of the cut, and one flame to heat down in the kerf. 
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to heat the metal ahead of the oxygen 
jet, as shown in Fig. 3-15, If the tip is 
held vertical to the surface, the small 
amount of metal preheated may be 
cooled by the adjacent metal, and pre- 
vent a smooth cutting action. Many 
welders actually rest the edge of the 
tip on the metal during this process, Be 
careful to keep the end of the preheating 
inner cone just above the metal, 


cutting progress. A torch movement 
from right to left enables the operator 
to follow the guide lines on the metal, 
Fig. 3-17, shows the progress of a cut 
in thick steel, 

After the edge has been heated to a 
dull cherry red, the oxygen jet should 
be opened all the way, by pressing on 
the cutting lever. As soonasthe cutting 
action starts, move the torch tipat a 


Fig. 3-17. Progress of a cut in thick steel. A. Preheat flames are 1/16 to 1/8 in. from the metal 

surface. The torch is held in this spot until the metal becomes cherry red. B. Note that the torch 

is moved slowly to maintain the rapid oxidation, even though the cut is only part way through the metal. 

C. Note that as the cut is made through the entire thickness, the bottom of the kerf lags behind 
the top edge slightly. 


| 8-12. CUTTING THICK STEEL 


Steel over 1/8 in, thickness may be 
cut by holding the torch so the tip is 
almost vertical to the surface of the 
base metal being cut, Fig. 3-16, shows 
the position of the cutting torch tip 
orifice when cutting thick steel. 

One way is to start at the edge of the 
stock, and move from left to right, if 
right-handed, as this permits the oper- 
ator to look into the kerf and check 


steady rate. Avoid an unsteady move- 
ment of the torch, or the cut will be 
irregular and the cutting action may 
stop. Fig. 3-18, shows how to cut thick 
steel. 

To start a cut faster in thick plate, 
the operator may start at the corner 
of the metal by slanting the torch in a 
direction opposite the direction of trav- 
el, as shown in Fig, 3-10, As the corner 
is cut, the operator moves the torch to 
a vertical position, until finally the total 
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Fig. 3-18. A cut in progress on thick steel. 


thickness is cut, also shown in Fig. 
3-10, and the cut may proceed, 

Two other methods used to start 
cuts are as follows: 

One is to nick the edge of the metal 
where the cut is to start, with a cold 
chisel, The sharpedges of the metalup- 
set by the chisel, will preheat and oxi- 


dize rapidly under the cutting torch, and 
the cut may be started without preheat- 
ing the entire edge of a thick plate, 
The second method is to place an 
iron filler rod under the preheating 
flames at the edge of a thick plate, The 
filler rod will reach the cherry red 
temperature quickly and when the cut- 
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ting oxygen is turned on the rod will 
oxidize and cause the thicker plate to 
start oxidizing. 


3-13. CUTTING CHAMFERS 
(BEVELS) 


Another important torch cutting 
operation, is the cutting of chamfers or 
bevels for preparing the edges of steel 
plate being made ready for joining by 
welding, as shown in Fig, 3-19. The 
thicker pieces of steel must have the 
chamfered edge preparation, so weld 
will penetrate through the thickness of 
the metal, 

The bevel angles may be cut at the 
same time the metal is being cut to 
size and shape, or, they may be cut as 
a separate operation. 

Instructions relative to cutting thick 
metal, given previously, are usable 
when cutting bevel angles. 

It is important to obtaina high quality 
cut when making the bevel, to mini- 
mize any further plate preparation, and 
to insure good fit-up of the joint to 
be welded. 


3-14. CUTTING PIPE OR TUBING 


One of the most popular uses of the 
oxyacetylene cutting torch is the prep- 
aration of pipe for joining by welding. 
See CHAPTER 18, for more pipe weld- 
ing instructions. The cutting torch is 
especially useful for preparing odd- 
shaped joints on the job. Also, it may 
be used extensively to chamfer the 
edges of thick pipe to provide a V-joint 
for the welder. 

The exact procedure to follow when 
cutting pipe, depends on the diameter. 
For small diameter pipe, it is best to 
keep the torch tip almost tangent tothe 
circumference of the pipe (same dis- 
tance from surface when moving around 


the pipe) during the complete cutting 
operation, instead of attempting to cut 
through the two thicknesses of the pipe 
simultaneously. With a pipe diameter 
of approximately four inches and up, 
it is possible to keep the torch tip 
perpendicular tothe pipe surfaces while 
cutting, without the torch having a 


Fig. 3-19. A method of obtaining a beveled edge on 
thick metal plate using a cutting torch. 


tendency to burn throughthe other side. 
Of the two methods, the perpendicular 
position permits a cleaner and straight- 
er cut, If the welder's helper rotates 
the pipe as it is being cut, a very clean 
cut can be obtained, Most welders start 
the cut at the extreme edge of the pipe, 
and then cut back to the marked cham- 
fer ring. 

When chamfering pipe by hand, it is 
best to point the torch toward the end 
of the pipe. This procedure provides a 
clean chamfer, permits more accurate 
cutting, and should not leave any ex- 
cessive oxide clinging to the pipe when 
the cut is completed, Cutting machines 
which use a mechanism to revolve the 
torch around the pipe, produce excellent 
chamfered edges. 

Fig. 3-20, shows how to use a cute 
ting torch to bevel or chamfer the end 
of a pipe which is to be welded. It must 
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be remembered that when cutting pipe, 
it is not the size of the pipe that de- 
termines the size of the cutting torch 
tip, but rather the thickness of the pipe 
wall which is the controlling factor, It 
is very important that when steel or 
alloy steel pipe is to be used for high- 
pressure purposes, that the approved 
procedures be carefully followed. 


Fig. 3-20. A cutting torch being used to cut a bevel 
on a steel pipe. 


3-15. PIERCING AND 
CUTTING HOLES 


Holes may be pierced in steel plates 
rapidly and with accurate results. To 
pierce is to produce a small hole (in 
comparison to the size of the metal 
surface) through a steel plate. The 
process consists of holding the cutting 
torch with the nozzle perpendicular to 
the surface of the metal, and preheating 
the spot to be cut until it is a bright, 
cherry red. After the metal is brought 
up to the proper temperature, the oxy- 
gen jet may be turned on very slowly. 
At the same time, the nozzle should be 
raised enough to eliminate the slag 
being blown back into the nozzle orifi- 
ces. Because of the great amount of 
heat required in an operation of this 
kind, it is recommended that the oper- 
ator use at least the next larger tip in 


relation to the thickness of the metal, 
than recommended in Figs. 3-5 and 
3*9; 

To cut larger holes in steel plate, the 
typical steel-cutting method described 
in this Chapter, is recommended, It 
is good practice, however, to outline the 
hole first, using special chalk so this 
line may be used as a guide to permit 
the operator to cut as accurate a hole 
as possible, If the size of the hole 
warrants it, it is best to do the cutting 
with an automatic machine, or with a 
radius bar attachment which is clamped 
to the torch head, if such equipment is 
available. 


3-16. CUTTING AND REMOVING 
RIVET HEADS 


The cutting torch, in salvage opera- 
tions, is frequently used for removing 
rivet heads when dismantling large 
fabricated structures which have been 
assembled with rivets, 

Two typical rivet shapes are: 

1. Button head rivet. 

2. Countersunk rivet, 

The procedure for removing these 
heads by cutting is fundamentally the 
same as for any cutting operation, but 
one additional precaution should be ob- 
served, If possible, the operator should 
do the cutting without damaging the steel 
plate. To do this, it is very important 
that the size of the tip is carefully 
selected. If too large a tip is used, the 
steel plate will be injured at the same 
time the rivet head is being removed, 
If too small a tip is used, the method 
becomes too slow, Practically all weld- 
ing equipment companies recommend 
special shaped cutting tips for rivet 
cutting. 

The procedure for cutting the button 
head rivet is to preheat the head of the 
rivet to a bright cherry red, the body 


= 
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Cutting torch carriage in operation. The operator can adjust torch position and angle. 


Industry photo. 
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of the steel plate usually being ade- 
quately protected from the preheating 
by a coating of scale. The rivet headis 
then cut straight through its thickness, 
If the rivet is inthe horizontal position, 
one-half the head is removed, prefer- 
ably the lower half, and finally the upper 
half, The appearance of an accurately 
performed job shows a clean removal 
of the head without any score marks 
from the cutting jet on the steel plate, 
bis. 3-2] 


CUTTING COUNTER- 
SUNK HEAD RIVETS 


Fig. 3-21. Recommended methods of re- 
moving rivet heads using cutting torch. 


END VIEW OF A 
RIVET CUTTING TIP 


The removal of a countersunk rivet 
head is more difficult than the above 
because the rivet is usuallytightly em- 
bedded in the steel plate. However, by 
carefully selecting the tip size, and by 
proceeding with the cutting from the 
bottom of the rivet head upward, after 
the head has been preheated, counter- 


sunk rivet heads may be removed with 
very little, if any, damage to the steel 
plate. 


3-17. GOUGING WITH CUTTING 
TORCH 


Cutting a curved groove on the edge 
or surface of a plate, andremoving bad 
spots in welds to prepare for rewelding 
are additional uses for the cutting torch. 
The principle of groove cutting or 


CUTTING BUTTON 
HEAD RIVETS 


gouging is that instead of using a high- 
velocity jet as in a cutting tip, a large 
orifice low-velocity jet is used, The 
slower moving oxygen stream oxidizes 
the surface metal only and penetrates 
very slowly enabling the operator to 
gouge or groove, with considerable 
accuracy. 
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In a gouging tip, there are usually 
five or six preheat orifices to provide 
for even preheat distribution. In an 
automatic machine, a gouging tip will 
do very accurate gouging toexact depths 
to remove bad spots, and toquickly and 
conveniently prepare the edges of metal 


Fig. 3-22. A typical oxygen gouging operation. A 
low-velocity cutting jet is used to enable better con- 
trol of the gouge width and depth. 


for welding. Fig. 3-22, illustrates a 
typical oxygen gouging operation. 

If the gouging cut is not started 
properly it is possible to cut too deep 
and actually cut through the entire 
thickness. It is also possible to cut too 
shallow and cause the operation to stop. 
The speed at which the torch is moved 
along the gouge line is important. Too 
rapid a movement willcreate anarrow, 
shallow gouge, and too slow torch 
movement will create a gouge which is 
too deep and wide, 


3-18. CUTTING FERROUS 
ALLOY METALS 


The introduction of many alloy steels 
into industry has made it necessary for 
new cutting techniques to be developed 
in order that these metals may be 


successfully and economically cut. Of 
the alloy steels, stainless steel is per- 
haps the most widely used. Stainless 
steel consists of chromium, nickel, and 
mild steel, see CHAPTERS 18, 23, and 
24. Many of these metals have melting 
temperatures below that of steel, The 
oxides formed have a melting tempera- 
ture higher than that of the original 
metal, therefore, the oxides must be 
reduced and/or removed from the cut 
immediately, or the cutting action will 
stop. It has been found that for the 
same relative thickness of metal, stain- 
less steels need approximately 20 per- 
cent more preheating flame and 20 per- 
cent more oxygen for the cutting. It has 
also been found that itis a good practice 
to use a slightly carburizing flame 
when preheating. 

The metal to be cut should be so 
placed that the cutting tip and flame 
are in a horizontal position, The cut 
should start at the top of the metal 
and proceed downward in a vertical 
line. A slight, but quick, up-and-down 
motion of the torch facilitates the re- 
moval of the slag. Fig. 3-23, shows how 


CASTING 


CUTTING NOZZLE 
HORIZONTAL AND 
PARALLEL TO TOP OF RISER 


LINE OF CUT 


CUTTING NOZZLE IS LOWERED 
SHORT DISTANCE - RAISED AN 
EVEN SHORTER DISTANCE AND 
SO ON AS CUT PROGRESSES 
FROM TOP TO BOTOM = 


Fig. 3-23. A technique used for the oxyacetylene 
cutting of chromium steel. Note how the torch is raised 
and lowered to assist in removing the slag from the cut. 


3-17 


Modern Welding 


the torch should be moved up and down 
to facilitate the slag removal, It will 
be found difficult to obtain as clean and 
narrow a kerf whencutting alloy metals 
as when cutting straight carbon steels, 
using a regular cutting torch, 

As in the case of steel, the alloy 
metals must be preheated before the 
cutting operation is started, The stain- 
less steels especially, must be pre- 
heated to a white heat before the cutting 
is successful. The cutting action is 
much more violent with stainless steels 
than with straight carbon steels. Cutting 
takes place with considerable sparking 
and blowing of the slag. 

In situations where the progress of 
the cutting is frequently interrupted by 
the presence of unmeltable slag, the 
operator may find it advisable to hold 
a mild steel welding rod in the kerf of 
the metal. This mild steel rod, upon 
being melted by the cutting torch mixes 
with the alloy steel, and thus dilutes or 
reduces the percentage of the alloys in 
the area of the cut, The cutting proper- 
ties of the alloy metal in the area of 
the cut thus becomes more like those 
of . mild steel and the cut proceeds 
more smoothly. 

The adding of welding rod to the cut 
is also applicable to poor grade steels, 
cast irons, and to old, oxidized, steel 
castings. 

Powder cutting, plasma arc, and in- 
ert gas arc cutting have proven much 
more practical for cutting steel alloys 
and nonferrous metals, For fulldetails 
refer to CHAPTER 19, 


3-19. CUTTING CAST IRON 


As mentioned previously, it is more 
difficult to cut cast iron than steel, 
because iron oxides of cast iron melt 
at a higher temperature than the cast 
iron itself, However, successful cut- 


ting has been performed on cast iron 
in many salvage shops and foundries. 
It is important, when cutting cast iron, 
to preheat the whole casting before the 
cutting is started. The metal should 
not be heated to a temperature that is 
too high, as this will oxidize the sur- 
face and make cutting difficult. A pre- 
heat temperature of about 500 deg. F. 
is usually satisfactory. 

When cutting cast iron, the preheat- 
ing flame ofthe torch should be adjusted 
to a carburizing flame to prevent oxi- 
dation from forming on the surface 
before the cutting starts. The castiron 
kerf is always wider than a steel kerf 
because of the oxidation difficulties, If 
it is desirable to have gray cast iron 
(machinable) the casting should be 
cooled very slowly. 

Since it is difficult to cut cast iron 
with the usual oxyacetylene cutting 
torch, other more satisfactory methods 
of cutting have been developed, suchas 
the oxygen arc, carbon arc powder cut- 
ting and inert gas cutting. See CHAP- 
TER 19, for a description of these 
cutting processes. 


3-20. AUTOMATIC CUTTING 


Automatic cutting machines are being 
constantly improved. In addition to the 
powder and flux methods of cutting 
stainless steels, low alloy steels, cast 
iron, etc., cutting machines have been 
improved by the use of electric solenoid 
valves to control gas flow and electronic 
and magnetic devices for controlling the 
torch movement, The electronic 
tracers enable extremely accurate fol- 
lowing of a template, and consequently 
the torch will produce almost perfect 
duplicate shapes. A light beam is 
focused downward from the apparatus 
onto a line drawing of the part to be 
cut. A photoelectric cell picks up the 
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TEMPLATE 


Fig. 3-24. A four torch automatic oxyacetylene flame cutting machine in operation. Note the template and the 


electronic template scanner on the left. 


light reflected upward from the line. 
Adjustments are made so that once the 
machine is set to trace a line the ma- 
chine automatically follows this line 
with great accuracy. Electronic devices 
have also been developed to maintain 
a constant tip height over the metal 
being cut. This device also helps insure 
good quality cuts at all times. 

There are many automatic mecha- 
nisms available, which perform auto- 
matic cutting operations, using the oxy- 
acetylene cutting torch. Special mecha- 
nisms are used for cutting definite 
numbers of certain shaped objects; for 
cutting a number of the same size 
objects at the same time; for cutting 
irregular shaped articles, using an in- 
expensive template as a guide; forcut- 
ting straight kerfs and for chamfering 
metal. CHAPTER 19, describes semi- 
automatic and automatic cutting 
processes. 


(Air Reduction Sales) 


Practically all of the automatic cut- 
ting torches are driven by variable- 
speed electric motors. Those used in 
production of duplicated articles bythe 
thousands are usually cam-actuated, 
while those used to reproduce acertain 
number of the same size articles 
simultaneously, generally use multiple 
torches. 

A popular type of automatic cutting 
machine is one which follows the con- 
tour of a steel, wood, or aluminum 
pattern, and cuts a duplicate shape in 
the metal. Fig. 3-24, shows an auto- 
matic cutting machine in operation. 
When steel patterns are used, a mag- 
netic tracer can be used as the guide 
device. The variable-speed, electric 
motor permits various speeds in feet 
per minute. This variable speed device 
enables the machine to adapt to differ- 
ent thicknesses of metal, The guide for 
the torch is a small rail which has been 
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shaped to conform to the wood or metal 
pattern. The machine has a specially 
calibrated tachometer (speed counter) 
which registers in feet per minute. 

The operation ofthese automatic ma- 
chines necessitates three important 
adjustments: 

1, Adjustment for the rapidity of the 
cut, which is controlled by the speed of 
the motor through a gear train. 

2. Gas pressure must be carefully 
adjusted to insure a clean cut through 
the thickness of the metal without 
wasting gas. 

3. Distance the torch tip is from the 
metal being cut must be carefully 
adjusted to obtain the best results. This 
adjusting is done by means of a gradu- 
ated scale on the torch body, anda gear 
vernier mechanism (measuring device 
which permits fine adjustment), to raise 
and/or lower the torch. | 

Once set up, the apparatus is self- 
operating. However, the initial adjust- 
ments must be very carefully made. 


3-21. REVIEW OF SAFETY IN 
OXYACETYLENE CUTTING 


Oxyacetylene cutting may be safely 
performed. However, as in all oxy- 
acetylene welding and cutting, proper 
procedures must be followed in order 
to eliminate dangers which might be 
caused by wrong handling or careless- 
ness. Certain potential hazards exist 
and the operator shouldalways observe 
approved procedures toeliminate these 
dangers. In addition to observing the 
correct handling procedures for oxy- 
gen and acetylene equipment, the fol- 
lowing points should be carefully 
observed: 

Considerable sparking and flying of 
Sparks, which are globules (round- 
shaped particles) of molten metal, 
accompanies cutting operations, In 


order to avoid accidents from this 
hazard: 

A. Floors on which cutting is done 
should be concrete or other fireproof 
material. 

B. Workbenches and other necessary 
furniture should be of metal or other 
fire-resistant material. 

C. Oil, paper, wood shavings, gaso- 
line, lint, flammable materials should 
not be in the room in which flame cut- 
ting is performed. 

D. Certain clothing features should 
be carefully checked, Leather or other 
slow-burning fabrics should be worn, 
Trousers should be without cuffs. In 
many situations, the operator and his 
clothing may be protected by a sheet 
metal shield which will deflect the 
sparks from the operator. Pockets and 
clothing should be inspected for possi- 
ble flammable materials such as but- 
tons, combs, celluloid rules, matches, 
pencils and the like. 

E. Objects being flame cut may pre- 
sent inherent hazards. Tanks and con- 
tainers may be welded or cut only by 
an experienced welder who has the 
equipment required to steam the tank 
or pass an inert gas through the tank 
as it is being worked on, The tank may 
also be filled with water except in the 
area of the work. 

In all cases the tank must be vented 
to prevent the entrapment (holding) of 
potentially explosive gases. 

This work should never be done 
except under the supervision of a quali- 
fied safety engineer, When flame cut, 
a small amount of flammable material 
in such an object may cause a powerful 
explosion, Certain metals such as mag- 
nesium may burn with an explosive 
force, if flame cut, Be sure you know 
what you are cutting. 

F. Your face and hands must be pro- 
tected from metal splatter. 
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G. A fire extinguisher should always 
be at hand while flame cutting, for use 
in possible emergencies. 

H. In CHAPTER T, the correct pro- 
cedures for setting up and handling cyl- 
inders, regulators, hoses and torches 
were explained. Be sure you know 
these procedures. It is a good idea to 
review this Chapter. 

I. Review PAR. 1-33, in CHAPTER 


1, on metal fume hazards, and be sure 
that you know what metal you are work- 
ing on before performing any oxyacety- 
lene cutting operation. 

J. The normal atmosphere contains 
about 21 percent oxygen by volume. As 
the oxygen content in an enclosed space 
is increased above this percentage, 
there is an increasing danger ofaspark 
or flame causing a fire or explosion. 


3-22. TEST YOUR KNOWLEDGE 


Careful review these questions. 
Answering them will check your knowl- 
edge of flame cutting as covered in 
this Chapter. 

1. Which is the correct word to de- 
scribe this process. "Flame cutting" 
or "burning?" 

2. In what chapter are other methods 
of cutting explained? 

3. How does a Cutting Torch differ 
from a Welding Torch? 

4. What are the two basic types of 
flame cutting torches in common use? 

5. In adjusting the pressures before 
lighting a cutting torch, whyisitneces- 
sary to check the pressures with the 
torch cutting lever in the fully open 
position? 

6. Why is it necessary to provide a 
higher oxygen pressure withthe cutting 
torch than with a welding torch? 

7, How may some welding torches be 
adapted to do oxyacetylene cutting? 

8. In what way does a cutting tip differ 
from a welding tip? 

9. What is the purpose of the pre- 
heating jets or orifices in a cutting 
torch tip? 

10. How shouldthe cutting torch be held, 
in relation to the work, when cutting 
thin sheet steel? 


11. What controls the size tiptobe used 
when cutting pipe? 

12. Why is cast iron difficulttocut with 
the oxyacetylene flame? 

13. What procedure is recommended 
when it is necessary to cut stainless 
steel with the oxyacetylene cutting 
torch? 

14. What are the advantages in using 
automatic flame-cutting machines? 

15. What safety precautions must be 
considered before starting a flame- 
cutting operation? 

16. What is the name ofthe slot created 
by a cutting jet? 

17. Why must the oxygen jet pressure 
be accurately adjusted? 

18. What is drag? 

19. How do you determine when to open 
the oxygen cutting jet? 

20. Why must the end of the cutting tip 
be square or perpendicular to the 
orifices? 

21. What happens to the material cut 
away by the oxygen jet? 

22. Why is it possible to cut off rivet 
heads without injuring metal plates 
riveted together? 

23. What happens to the gouge shape 
when the torch movement is made 
slower? 
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Fig. 4-1. Oxyacetylene welding and cutting outfit less cylinders. (Air Reduction Sales Co.) 
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Chapter 4 


OXYACETYLENE CUTTING 
EQUIPMENT AND SUPPLIES 


Oxyacetylene cutting deals with high 


pressures, flammable gases, flying 
sparks, rough handling, and other se- 
vere services. Therefore, the equip- 
ment must be reliable and rugged, and 
yet quick to respond to changes in 
demand, 

The design and construction of an 
oxyacetylene cutting outfit is similar 
to an oxyacetylene welding outfit. There 
is a major difference, however, in the 
design of the torch and in the oxygen 
regulator for heavy-duty cutting. 

It is very important, for the sake of 
safety, for quality of results and for 
economical operation, that the operator 
become thoroughly familiar with the 
design and construction of this equip- 
ment, and its correct use. 


4-1. COMPLETE GAS 
CUTTING OUTFIT 


The complete gas cutting outfit con- 
sists of: 

Cylinder truck. 

Oxygen cylinder. 

Oxygen regulator. 

Oxygen hose and fittings. 

Acetylene cylinder. 

Acetylene regulator. 

Acetylene hose and fittings. 

Cutting torch. 
This equipment less the truck 
cylinders is shown in Fig. 4-1. 


and 


To describe the equipment, it may 
be best to first describe each part of 
the complete apparatus in the order in 
which the complete outfit will be 
assembled. 


4-2. CYLINDER RACK OR 
CYLINDER TRUCK 


The cylinders must be securely fas- 
tened in an upright position with a chain 
or clamping device. If the cutting out- 
fit is portable, the cylinder truck must 
be designed in such a way that it is 
resistant to tipping. The cylinders must 
be securely fastened to the cylinder 
truck as shown in Fig. 4-2. The possi- 


Fig. 4-2. Oxygen and acetylene cylinders mounted 
on a portable truck and secured by a safety chain. 
(Victor Equipment Co.) 
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bility of injury to the cylinders must be 
reduced to a minimum. 


4-3. THE CUTTING TORCH 


The torch must mix the acetylene- 
oxygen gases and carry the gases to 
the orifices, where they combine chem- 
ically to become the preheat flames, It 
must also carry the oxygen to an orifice 
where, as it emerges, it oxidizes the 
metal and blows it away toformaclean 
cut (kerf). 

The torch is constructed mainly of a 
yellow brass body, and a copper tip. It 
is equipped with three valves: 

1, An acetylene valve similar to the 
welding torch, 

2. An oxygen valve similar to the 
welding torch, 

3. A cutting oxygen valve, button or 
lever operated withan automatic spring 
closing device. 


CUTTING 
OXYGEN 
sse 


cutting purposes only as shown in 
Fig. 4-4. 

The combination welding and cutting 
torch is most popular in small shops 
where welding and cutting are auxiliary 
operations to the work in the shop. 


4-4. CUTTING TORCH TIPS 


Just as in welding, the proper size 
cutting tip is very important, if quality 
work is to be done. The preheat flames 
must furnish just the right amount of 
heat, and the oxygen jet orifice must 
deliver the correct amount of oxygen 
at just the right pressure and velocity 
to produce a clean cut (kerf), Allofthis 
must be done with a minimum consump- 
tion of oxygen and fuel gases. All too 
often, careless workers or ones not 
acquainted withthe correct procedures, 
waste both oxygen and acetylene. 

Each manufacturer has cutting tips 


CUTTING OXYGEN VALVE LEVER 


ATTACHMENT 
FITTING 


Fig. 4-3. Cutting torch attachment. This unit may be attached to a welding torch handle after the tip and tube 
have been removed from the welding torch. Note: This torch is designed for cutting only. 


(National Cylinder Gas Co.) 


A cutting torch may consist of an 
attachment which may be fastened to 
a welding torch body as shown in Fig. 
4-3, or it may be a torch designed for 


of different designs. The orifice 
arrangements andthe tip material, cop- 
per alloy, are much the same among 
various manufacturers, however that 
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Fig. 4-4. Cutting torch. Acetylene-oxygen gases are carried to orifice and mixed to form preheat 


flame. Oxygen carried to tip oxidizes metal and blows it away to form cut. 


(Smith Welding Equip. Corp.) 
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DEGREE OF 


PREHEAT APPLICATION 

Medium For straight line or circular cut- 
ting of clean plate. 

Light For splitting angle iron, trimming 
plate and sheet metal cutting. 

Light For hand cutting rivet heads and 
machine cutting 30 deg. bevels. 

Light For straight line and shape cut- 
ting clean plate. 

Medium For rusty or painted surfaces. 

Heavy For cast iron cutting and pre- 
paring welding V's. 

Very Heavy. For general cutting also for cut- 

ting cast iron and stainless steel. 

Medium For grooving, flame machining, 
gouging and removing imperfect 
welds. 

Medium For grooving, gouging or removing 
imperfect welds. 

Medium For machine cutting 45 deg. bevel 
or hand cutting rivet heads. 

Heavy Flared cutting orifices provides 


large oxygen stream of low velocity 
for rivet head removal (washing). 


Most of the above cutting tips are available in two or more sizes and should be selected on the basis of the 
thickness of the metal and the job to be performed. 


Fig. 4-5. Table of some common cutting torch tips and their uses. 


part of the tip which fits into the torch 
head often differs in design. Fig. 4-5, 
is a table showing several different 
orifice arrangements and their uses, 
while Fig. 4-6 illustrates several cut- 


ting tip designs. 


The internal construction of one type 
cutting tip and head which is designed 
to mix the preheat gases at the tip is 
shown in Fig. 4-7. Some cutting torches 
are designed to mix the preheat flame 
gases in the handle. Atypical tip design 
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Fig. 4-6. Several types of cutting tips. 
(National Welding Equip. Co.) 


for this type cutting torch is shown in 
Fig, 4-8, The tips and seats are de- 


signed and constructed to produce a Fig. 4-7. Phantom view of cutting torch head show- 
good flow of gases, to keep the tips as ing gas passageways. 


HIGH PRESSURE MIXER - 
COLLAR = Pate 


A e — — 


LOW PRESSURE 


SEAT CUTTING 


HIGH PRESSURE 
COLLAR OXYGEN 


SEAT 


Fig. 4-8. A cutting tip cross section. 
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Fig. 4-9. Cutting tip cross section which shows de- 
tails of the cutting tip seating design. 


cool as possible, and to produce leak- 
proof joints, If these joints leak, the 
preheat gases may mix with the cutting 
oxygen or they may escape to the atmos- 
phere. Fig. 4-9, shows the details of a 
cutting tip seating design. 

It is very important that the orifices 
and passages be kept clean, free of 
burrs to' permit free gas flow and a 
well-shaped flame, Fig. 4-10, shows a 
cutting tip orifice being cleaned. Fig. 
4-11, shows a tool used to recondition 


Fig. 4-10. Cutting tip orifice being cleaned. 
(Thermocote Co.) 


I REFACER 


Fig. 4-11. Special tool used to recondition flame end 
of cutting tip. 


the flame end of acutting tip. Fig. 4-12, 
shows several tips; one in need of re- 
pair, two beyond repair, and one in good 


Fig. 4-12. Four cutting tips. One is in good condition, one is repairable, and two must be discarded. 
(Air Reduction Sales Co.) 
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condition, Since it is extremely im- 
portant that the sealing surfaces be kept 
clean and free of scratches or burrs, the 
tips should be stored inacontainer that 
cannot scratch the seats, preferably an 
aluminum or wood rack, 


4-5. REGULATORS 


The standard acetylene regulator is 
usable for cutting stations, However, 
the oxygen regulator is quite often a 
heavy-duty type designed for cutting 
applications, Since the oxygen cutting 
pressures sometimes reach as much 
as 100 to 150 psig and because the gas 
flow is quite high, the oxygen regulators 
usually have heavy-duty springs and a 
high capacity regulator orifice. The 
two-stage regulator is often preferred 
for cutting applications, The regulator 
fittings used to attach the regulator to 
the cylinders are standard and so are 
the hose fittings. If heavy cutting is to 
be done it is advisable to check the oxy- 
gen regulator by model number and 
manufacturer's specifications to be 
sure the correct regulator is being 
used. 


4-6. TORCH GUIDES 


When cutting, the operator should 
always attempt to cut a smooth kerf 
and to cut accurately to a dimension. 
Freehand cutting (holding the torch in 
your hands) makes both of these ob- 
jectives very difficult, Many mechani- 
cal, electrical and electronic devices 
have been developed to help produce 
clean cuts, accurate size cuts, and exact 
duplicate pieces, 


4-7. MECHANICAL GUIDES 


Mechanical guides are used to help 
control the position of the torch, They 


do not control the speed of the cut, and 
therefore, the operator must be very 
skilled, otherwise rough, ragged cuts 
may result. To cut straight edges, a 
piece of angle iron may be clamped to 
the work and the tip moved along the 
edge of the angle iron to insure a 
straight cut as shown in Fig. 4-13. 


Fig. 4-13. Straightedge used as a cutting torch guide. 


Another popular type guide makes use 
of a small steel wheel mounted on the 
torch tip to reduce the friction, The 


Aid. to Cutting Straight Lines with Torch. Put a 3/4- 
in. band-type clamp on cutting torch tip, as shown. 
Fasten clamp so end of band will ride on top of piece 
of angle iron clamped onto stock to be cut. Locate 
so tip of torch is right distance above metal. To cut 
in straight line, hold torch tip against angle iron as 
you cut. 

James Hoerner, Pioneer H. S., San Jose, Calif. 
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Fig. 4-14. Circle-cutting guide. The center of the cir- 
cle to be cut should be marked with a center punch. 
(Victor Equip. Co.) 


wheel can be used to control the height 
of the tip above the metal, or it can be 
used to allow the tip to move more 
smoothly along the guide. 

A metal, plaster, or wood template 
is often used when the cut is to be 
irregular. 

To cut arcs or circles, acircle guide 
may be used. This device consists of a 
rod, adjustable in length, with a center 
pivoting point and a means of holding 
the tip. Fig. 4-14, illustrates such a 
device. Fig. 4-15, shows the circle 
guide in use. 


Fig. 4-15. A circle-cutting guide in use. Note the 
safety clothing worn by this operator. 
(Smith Welding Equip.) 


Guides are alsoobtainable which may 
be adjusted to produce a torch move- 
ment smaller, the same size,orlarger 
than the template: Inthese, torches are 
mounted on a pantograph frame, and 
as the operator moves a tracer around 
a template or sample, the torch moves 
to produce a duplicate shape in some 
ratio to the size of the template. For 
example, the cut piece may be one half 
the size of the template or the machine 
can be adjusted to produce a cut piece 
twice the size of the template. Fig. 
4-16 illustrates a pantograph device. 


TRACER 


CUTTING 
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Fig. 4-16. Pantograph cutting torch holder used with 
a cutting torch. 


4-8. ELECTRICAL GUIDES 


An improvement over the mechanical 
guides is an electric motor driven 
guide, This unit has a variable speed 
motor that not only enables a welder 
to cut to a dimension, but also tocut at 
a certain set speed, This device usually 
has four wheels, one driven by a re- 
duction gear, two on swivels (caster 
style) and one freewheeling. The torch 
is mounted on the side of the body and 
is adjusted up and down by a gear and 
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Fig. 4-17. Electric motor driven carriage being used to cut circle in steel plate. 


rack. The rack is a part of the special 
torch, The torch can also be tilted to 
cut bevels. The apparatus is obtainable 
with a straight two-groove track, and it 
also has a radius arm for use whencut- 
ting circles and arcs, A motor driven 
cutting torch guide being used to cut 
arcs is shown in Fig, 4-17. There is 
an off-and-on switch, a reversing 
switch, clutch, and a speed adjusting 
dial calibrated in feet per minute, 

Fig. 4-18, shows an electric drive 
carriage being used ona straight track, 
The operator must be sure the electric 
cord, and the hose will not become 
caught on some obstruction during the 
cutting operation, The best way to check 
hose and electric cord clearance, and 
the clearance of the torch, is to free- 
wheel the carriage the full length of the 
track by hand with the clutch released 
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(National Cylinder Gas Co.) 


MOTORIZED 
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Fig. 4-18. Electrically driven cutting torch carriage 
being used on straight track to cut beveled edge on 
steel plate. 
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to check the smoothness of operation. 
A type carriage which is manually 
directed but which has a controlled 
power speed is shownin Fig. 4-19. Such 
a unit may be used to cut straight edges, 
circles, arcs and irregular shapes, 


Fig. 4-19. Electrically driven cutting torch carriage 


(Linde Co.) 


which is guided manually. 


4-9. TRACER DEVICES 


In an electronic guided carriage a 
light source is used to follow a trace 
line on a pattern or drawing. The trace 
line may be as thin as .040 of an inch, 

A pinpoint of light is directed onto the 
trace line on a template. Some of this 
light is reflected into a photoelectric 
cell which will send signals through an 
amplifier to a motor which will cause 
the steerable wheel on the carriage to 
turn and follow the pattern, Fig. 4-20. 
The pattern used may be a drawing or 
it may be cut from black colored ma- 
terial and mounted on a white back- 
ground, 

The electronic circuit is sodesigned 
that the direction the steering motor 
turns is determined by the intensity of 
the light reflected from the template 
surface as shown in Fig. 4-21. When 


Semen 225000 $2 
B ie à 


tojOiES 
2 


Fig. 4-20. Electronic device which uses a light beam 
to follow a black and white line pattern. The light 
beam senses changes in line direction on the pattern 
and electronically controls the movements of the cut- 
ting torch to cut metal to the shape of the pattern. 


the light source reflects offa dark sur- 
face to the photoelectric cellthe steer- 
ing motor turns in one direction, And 
when the light is reflected from a white 
surface the steering motor turns inthe 
opposite direction. The steering motor 
is not operated when the light source 
reflects from a black surface and a 
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Fig. 4-21. Diagrammatic sketch of an electronic di- 
rectional control which uses an optical system in 
scanning bead for controlling torch movements. 
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white surface equally, as it will when 
the light source is right on the edge of 
the black template. 

The light spot which follows the 
template is beamed to lead the position 
of the carriage slightly. This gives time 
for the steering motor to correct the 
position of the steering wheel as 
changes in the pattern occur, 

If the light was following a straight 
line, the reflected light would be equal 
from the black surface of the template 
and the white background surface, and 
the steering motor would be neutral. 
When the light source reaches a curve 
it leaves the pattern and the photo- 
electric cell picks up a more intense 
reflected light. This causes the steering 
motor to energize and change the posi- 
tion of the steerable wheel to bring the 
light source back to the edge of the pat- 
tern, Asthe curve continues or changes, 
the steerable wheelis constantly bring- 
ing the carriage and light source back to 
the neutral position, at the edge of the 
pattern, With this type of electronic 
carriage, a pattern can be followedtoa 
very precise degree. 

Two newer devices used to guide a 
cutting torch are the Magnetic Follow- 
er, and the Electronic Follower, These 
depend on very sensitive response tothe 
movement of a stylus (tracer roller) or 
electric eye. Two servo motor systems 
are used, one for lateral movement, and 
one for longitudinal movement. Fig. 
4-22, shows a machine using a magnetic 
tracer. Some tracer movements control 
the minute current through the screen 
grid of an electronic amplifier tube, 
others through a transistor in the 
central control unit, The larger current 
flow developed in the amplifiers is then 
used to operate the servo motors which 
move the cutting torch head, The cutting 
apparatus shown in Fig. 4-22, mounts 
the pattern and the magnetic tracer 
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Fig. 4-22. Cutting machine which mounts tracer unit 
above cutting tip. As revolving magnetic tracer fol- 
lows pattern, cutting torch travels duplicate path. 


(Heath Eng. Co.) 


immediately above the cutting torch. 
The unit is either mounted on its own 
stand, or, can be set up on a cutting 
table. The unit is shown in operationin 
Fig. 4-23. 

Some units have a tracer roller which 
is rotated by a small motor, The roller 
is magnetized to keep the roll in cor- 
tact withthe steel pattern. As the tracer 
is rotated, it follows the exact shape of 
the pattern and causes the cutting torch 
to follow this pattern on the metal 
being cut, 


4-10. MULTIPLE TORCHES 


There are many cases when it is 
necessary to make more than one piece 
of a specially shaped metal part. Todo 
this, two or more torches may be 
mounted on the cutting machine, Fig. 
4-24, shows such an arrangement, The 
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Fig. 4-23. Magnetic tracer unit in use. 


Fig. 4-24. Shape cutting eight parts simultaneously from one pattern. 
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Fig. 4-25. Attachment for manual flame cutting torch 

which enables two cuts to be made at one time. Swivel 

fitting permits positioning two tips in various posi- 
tions. (Harris Calorific Co.) 


torches have to be carefully mountedto 
insure that the cuts are accurate, Fig. 
4-25, illustrates a device which allows 
two cuts to be made at the same time 
using a hand or mechanically operated 
cutting torch, 


4-11. SPECIAL CUTTING AND 
GOUGING TIPS 


Many special cutting tips have been 
designed for special applications, 
Special tips for special preheating fuels 
such as liquefied petroleum (LP) and 
propane are some examples. Tips for 
cutting rivets or for gouging metal are 
other examples of special tips. See 
Fig. 4-5, for a table of special cutting 
and gouging tips and their suggested 
uses. 


4-12. TEST YOUR KNOWLEDGE 


1. If a cutting torch tip has three 
orifices, what are the names of the 
orifices? 

2. Of what material is a cutting tip 
made ? 

3. Why must a cutting tip flame end be 
free of dirt, particles and scratches? 

4. How should a tip orifice be cleaned? 

5. Under what conditions are cutting 
torch attachments generally used? 

6. How many hoses are connected toa 
cutting torch? 

7. Does the oxygen regulator for cut- 
ting stations differ from one used on a 
welding station? How? 

8. How may one accurately cut circles 
or arcs with a cutting torch? 

9, What is the best way to store cutting 
tips when they are not in use? 

10, How many valves does a cutting 
torch have? 

11. Describe the two different type 
valves used on a cutting torch. 

12. How does an electronic tracer fol- 


low a pattern? 

13. How many duplicate parts may be 
cut at one time with a multiple torch 
machine ? 

14, Describe an altergate method of 
cutting duplicate parts with a cutting 
torch. 

15. Why is it soimportant that the seat- 
ing end of the cutting tip be free of dirt, 
scratches, or dents? 

16, When using a multiple torchcutting 
machine, how many patterns must be 
used to operate all the cutting torches? 
17, How may a welder cut a straighter 
kerf without using a cutting machine? 
18. How are the acetylene and oxygen 
cylinders fastened to the cutting station 
or portable truck? 

19, How many preheat holes and what 
degree of preheating are recommended 
for cutting cast iron and stainless steel? 
20. How many preheat holes and what 
degree of preheating are recommended 
for cutting rivet heads? 
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DIRECT CURRENT 
ARC WELDING 


5-1. BASIC TYPES OF WELDING 


There are two basic types of welding 
which use electricity as the energy 
source, RESISTANCE WELDING and 
ARC WELDING. 

The electric arc method of welding is 
based on the fact that, as electricity 
passes through a gaseous gap from one 
electric conductor to another, a very 
intense and concentrated heat is pro- 
duced. The temperature of the spark, or 
the arc, jumping between the two con- 
ductors, is approximately 6,500 to 7,000 
deg. F. The action of the arc isthe basis 
for the following arc welding methods: 

A, Carbon-arc welding. 

B. Metal-electrode arc welding. 

C. Gas metal-arc welding. 

D. Atomic-hydrogen welding. 

E. Gas tungsten-arc welding. 

The type to be discussed in this chap- 
ter is direct current (DC) arc welding. 
Electric Resistance welding is ex- 
plained in CHAPTERS 13 and 14. 


5-2, FUNDAMENTALS OF DC 
ARC WELDING 


Electric arc welding as defined by 
the American Welding Society is as 
follows: 

"A group of welding processes 
wherein coalescence is produced by 
electric heating with an electric arc 
or arcs, with or without the appli- 
cation of pressure, and with or with- 
out filler metal." 


The metal electrode arc method of 
welding consists of producing an arc be- 
tween the metal to be welded, and the 
metal to be added to the base metal 
(metal electrode). This is usually done 
by having the operator place a metal 
electrode in a holder and withit, strike 
an arc on the base metal. Fig. 5-1, 
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Fig. 5-1. Metal electrode arc welding circuit. 


shows the electrical circuit for metal 
arc welding. 

To make a good weld the operator 
must be concerned with the following: 

1. Welding machine and circuit. 

2. Electrode. 

3. Arc and its manipulation. 

A generator or rectifier (device 
which converts AC to DC) is used to 
produce a direct current of sufficient 
strength to travel through the welding 
circuit, jump the arc gap, melt the 
electrode, and create a molten puddle in 
the base metal, The molten portion of 
the electrode will fuse into the puddle of 
the base metal, producing a weld. The 
current output of the machine and the 
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Fig. 5-2. A bare electrode arc weld in progress. 


direction of current travel may be 
varied by the operator to suit the job 
being done. 

The electrode wire may be ferrous, 
ferrous alloy, with some of the non- 
ferrous metals also being used. 

Electrodes are manufactured as bare 
wire, wire with a light coating of flux 
material, or wire witha heavy covering 
of fluxing material, 

Bare electrode arcs are the most 
difficult to maintain, and the finished 
weld is not normally as sound as a weld 
made with covered electrode as shown 
in Fig, 5-2. 

A lightly coated (dusted) electrode 
will give the arc some stability. Flux- 
ing materials in the heavily covered 
electrode will give the arc considerable 
stability, help to float out impurities 
from within the molten puddle, and will 
develop inert gases which will keepthe 
outer surfaces of the molten weldfrom 
oxidizing, Fluxes inthe heavily covered 
electrode will also harden on the sur- 
face of the weld to form acrustor slag 
which protects the weld metal from 
oxidation as it cools as shown in Fig. 
5-3, Electrodes are manufactured in a 
number of different diameters. As the 


metal thickness varies, current flowin 
the welding circuit varies andthe elec- 
trode diameter is changed accordingly. 

The arc, when viewed through the 
helmet lens, is seen to be divided into 
two separate parts: The Stream, and 
the Flame, as shown in Fig. 5-3, The 
arc flame consists of neutral gases 
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Fig. 5-3. A covered electrode arc weld in progress. 
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which appear to be pale red. The vapor- 
ized metal in the stream appears yel- 
low, while the liquid metalinthe stream 
appears green, If the arc islonger than 
normal, the flame gases can no longer 
protect the stream, 

The metal will form oxides and 
nitrides, resulting in a very weak and 
brittle weld. The voltage used, there- 
fore, is very important as too much 
voltage (pressure) enables a longer arc, 


ELECTRODE 


trons are flowing from the negative 
terminal (cathode) of the machine to the 
electrode. The electrons continue to 
travel across the arc into the base 
metal and to the positive terminal 
(anode) of the machine. 

Approximately two-thirds of the 
total heat produced with DCSP is re- 
leased at the base metal while one-third 
is released at the electrode. 

The choice of direct current straight 
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Fig. 5-4. A table of metal-arc electrode sizes and applications. For lap 
or T-joint welds, increase the current values slightly. These values are 
approximate and must be varied to apply to the particular case. 


resulting in considerable spattering. If 
the weld progresses too rapidly, the 
weld will not penetrate; if too slowly, 
either too much penetration or too 
much buildup will result. 

If the correct current flow and arc 
length are maintained, a good weld 
should result with direct current. The 
voltage and amperage required for any 
particular weld may be easily obtained 
from established tables. The correct 
arc length is entirely the operator's 
responsibility, See Fig. 5-4, foratable 
of current and voltage arc welding 
applications. 


5.3, FUNDAMENTALS OF DIRECT 
CURRENT STRAIGHT POLARITY 
ARC WELDING (DCSP) 


The welding circuit shown in Fig. 
5-5, is known as a straight polarity 
circuit. It is understood that the elec- 


polarity depends on many variables 
such as material of the base metal, 
position of the weld, as well as the 
electrode material and covering. Addi- 
tional information given in Chapter 6 
will help in determining when DCSP 
should be used. 
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Fig. 5-5. Wiring diagram of a direct current, straight 

polarity (DCSP) arc welding circuit. The field wind- 

ing is needed to create the current while the reactor 

is needed to produce an even, steady flow of current. 

The electrons flow from the electrode to the 
base metal. 
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5-4. FUNDAMENTALS OF DIRECT 
CURRENT REVERSE POLARITY 
ARC WELDING (DCRP) 


It is possible, and sometimes desir- 
able, to reverse the direction of elec- 
tron flow in the arc welding circuit, 
When electrons flow from the negative 
terminal (cathode) of the arc welder to 
the base metal, this circuit is known 
as direct current reverse polarity 
(DCRP). In this case, the electrons re- 
turn to the positive terminal (anode) of 
the machine from the electrode side of 
the arc, as shown in Fig. 5-6. 

When using DCRP, one-third of the 
heat generated in the arc is released 
at the base metal and two-thirds is 
liberated at the electrode. 

With two-thirds of the heat released 
at the electrode in DCRP, the electrode 
metal and the shielding gas are super- 
heated. This superheating causes the 
molten metal in the electrode to trav- 
el across the are at a very high rate 
of speed. Deep penetration results due 
to the force of the high velocity arc. 
There is a theory that, with a covered 
electrode, a jet action and/or expansion 
of gases in the metal at the electrode 
tip causes the molten metal to be pro- 
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Fig. 5-6. A wiring diagram of a direct current, re- 
verse polarity (DCRP) arc welding circuit. Note that 
the electrons flow from the base metal to the electrode. 


pelled with great impact across the arc. 

The choice of direct current reverse 
polarity depends on many variables 
such as material of the base metal, po- 
sition of the weld, as well as the elec- 
trode material andcovering. Additional 
information given in Chapter 6 will 
help in determining when DCRP should 
be used. 


5-5. SAFETY, PROTECTIVE 
CLOTHING AND SHIELDING 


Before proceeding further with the 
study of arc welding operation this 
safety lesson should be studied and 
observed, 

Arc welding performed with proper 
safety equipment presents no great 
safety hazards. However, the beginner 
should be made aware of the hazards, 
and should be taught the correct pro- 
cedures with arc welding in order that 
the hazards, which exist, may be prop- 
erly observed and injury avoided. 

The chief hazards to be avoided in 
arc welding are: 

1. Radiation from the arc, ultraviolet 
and infrared rays. 

2. Flying sparks, globules of molten 
metal. 

3. Electric shock. 

4. Fumes. 

5. Burns, 

Radiation from the arc presents some 
dangers. Your eyes must at all times be 
protected from radiation from the arc 
by the use of an arc welders helmet or 
face shields with approved lenses, You 
should never look at an arc from any 
distance, unless your eyes are pro- 
tected by approved lenses, as shown in 
Fig. 5-7, 

Your face, hands, arms and other skin 
surfaces must be covered, Gloves 
should be worn and other parts of the 
body covered by clothing of sufficient 
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weight to shut out the rays fromthe arc, 
otherwise you may receive burns (com- 
parable to sunburn). 


Fig. 5-7. An arc welding helmet. It is used to protect 
the eyes and face while arc welding. The lens re- 
duces the amount of harmful rays which would reach 
the welder’s eyes, but will still allow the welder to 
see the weld and arc crater. 
(Fibre Metal Products) 


If arc welding is performedinan area 
where workmen or others may be near 
the arc, the welding operation should be 
shielded in order that no one in the 
vicinity may be in a position to look 
directly at the arc or have it shine in 
his eyes. If someone should accidentally 
become severely "flashed" special 
treatment should be administered at 
once by a physician. 

Are welding is usually accompanied 
by a considerable quantity of flying 
sparks. Flying sparks present a hazard 
if they strike unprotected skin, lodge 
on flammable clothing, or hit other 
flammable material, It is advisable to 
wear suitable weight clothing, cuffless 
trousers, Pockets, if any, should be 


covered, and flammable material such 
as matches, celluloid combs or fountain 
pens removed from your pockets, High 
shoes with safety toes should be worn, 

The possibility of dangerous electric 
shock can be avoided by working on a 
dry floor, using insulated electrode 
holders and wearing dry welding gloves. 
Avoid using arc welding equipment in 
wet or damp areas, 

The health hazard of fumes, devel- 
oped by the electrode covering and 
molten metal, may be avoided, by the 
use of proper ventilating equipment, 
Certain special jobs require forced 
ventilation into the welders helmet. The 
fumes generated in the welding arc may 
contáin poisonous metal oxides. Arc 
welding should never be doneinanarea 
which is not well ventilated. 

Hot metal, which will cause severe 
burns, is always a potential hazard. 
Safety in arc welding requires the use of 
asbestos or leather gloves with tight- 
fitting cuffs which fit over the sleeves 
of the jacket. Many welders wear an 
apron of leather or other heavy ma- 
terial for body protection, also to pro- 
tect clothing from molten metal sparks, 
Hot metal should be handled with tongs 
or pliers. In a welding shop all metal 
should be first cooled in the quenching 
tank before it is handled with your 
bare hands. 


5-6. ASSEMBLING AND INSPECTING 
ARC WELDING STATION 


The typical direct current arc weld- 
ing station consists of: 

A. Power supply. 

1, Welding generator. 
2. Rectifier welding machine. 

B. Ground cable, and an electrode 
cable, which have flexible strands and 
are rubber covered. 

C. Electrode holder. 
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Fig. 5-8. A complete DC arc welding station. Notice 
the protective clothing worn by the welder. The welder 
stands on a wooden platform to reduce the danger of 
an electric shock and to reduce fatigue. 
(Lincoln Electric) 


D. Steel bench approximately 30 in. 
high. 

E. Stool. 

F. Special clamp device or C clamp. 

G. Electrodes, 

H. Electrode 
(insulated). 

I, Booth, 

The booth should be well ventilated 
and well lighted. All cable used in weld- 
ing should be protected from abuse, The 
arc welding machine should be placed 
close to the booth tokeepthe arc cables 
as short as possible and to permit 
quick and easy adjusting of the machine, 
Fig. 5-8, shows a complete arc weld- 
ing station, 

Before starting the machine, it is 
necessary to check all items to see that 
the equipment is in usable condition. 

A. Welding operator: 

1, Gloves in good condition. 
2. Helmet or shield with proper 
lens. 


holder hanger 
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3. Apron or other additional pro- 
tective clothing. 
4. Cuffless trousers. 


5. Empty, covered pockets, 

6. Cuffless sleeves. 

7. Dry oil-free garments. 

8, No jewelry. 

B. The station: 

1. Ground and electrode cables, 
for wear and tightness of con- 
nections. 

2. Booth curtains in good con- 
dition. 

3. Fuses of right capacity inmain 
switch, 

4, Ampere adjustment set to mini- 
mum on the machine, 

9. Ventilation systems 
working order. 

C. Supplies: 

1. Correct size electrodes, 

2. Clean welding stock. 

The machines should be carefully 
inspected, cleaned, and oiled according 
to the manufacturer's recommenda- 
tions. A medium grade of automobile 
oil is generally used in plain motor 
bearings. Ball-bearing units often re- 
quire special grease. In some arc weld- 
ing installations an electrician or main- 
tenance mechanic looks after these 
duties, In such cases the operator will 
not be required to lubricate the 
machines, 

Inspect the ground electrode cables, 
and electrode holder. Then hang the 
electrode holder away from the work to 
be welded, preferably on a fiber or 
wood hanger. If the machine is a motor- 
generator unit, inspect the commutator 
after starting the machine; if the 
brushes are arcing badly the machine 
should not be used until the trouble is 
corrected, All arc welding should be 
performed in a booth, or portable cur- 
tains should be used to keep passers-by 
from observing the arc. 
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5-7. ADJUSTING AND STARTING 
ARC WELDING MACHINE 


When the welder is certain that heis 
properly equipped, and after he has in- 
spected the welding station, he is then 
ready to start the arc welding machine. 

The steps usually followed to start 
a welding machine are: 

1. See that the electrode holder is 
hung on an insulated hanger. The ma- 
chine should never be started with the 
electrode holder on a table or base 
metal, since this closes the arc weld- 
ing circuit and causes the arc welder 
to start under a full load, whichis hard 
on most machines. 

2. Close the main power switch or 
circuit breaker to the machine, 

3. Adjust the machine to the proper 
current setting depending on the base 
metal and selected electrode sizes. 
Refer to Fig. 5-4 for suggested arc 
welding machine settings. 

4. Press the magnetic starter ON 
button on the machine. On some ma- 
chines it is possible to adjust both 
amperage and voltage; on other ma- 
chines it is possible to set only amper- 
age or voltage. After running a few 
practice beads it may be necessary to 
readjust the fine (vernier) adjustment to 
suit the individual welders needs to per- 
form a more perfect weld. 


5.8, SELECTING THE ELECTRODE 


Selection of the proper electrode for 
a given job is one of the most important 
decisions the welder must make. 

Electrodes may differ inthe following 
ways: 

1. Light coatings and heavy cover- 
ings, see Fig. 5-9. 

2. Chemical composition of the 
covering may vary to give desired re- 
sults when welding different metals, and 
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Fig. 5-9. A comparison of bare, lightly coated, and 
heavily covered electrodes. 


metal alloys, or, to improving welding 
characteristics in different positions. 

3, Electrode coating may be designed 
for use with DCSP,DCRP or AC. 

4. Compositions of electrode metals, 

5. Electrode diameters desired. 

Heavily covered electrodes will 
normally produce welds of superior 
strength and appearance, but they are 
more expensive than lightly coated 
(dusted) electrodes. 

Electrodes are designed and desig- 
nated by color codes andnumbers, such 
as, E6010, E6011, etc. Each electrode 
has qualities which may make it more 
desirable than another for a particular 
job, See CHAPTERS 6 and 28 for amore 
complete discussion of electrode num- 
ber designations. 

Electrode metal is made in a variety 
of alloys and sizes tobest suit all weld- 
ing applications. 

See Fig. 5-4, for recommended elec- 
trode diameter to be used for different 
metal thicknesses. It may be desirable 
when making a weld on thick metal, to 
use a smaller electrode than recom- 
mended for the first bead of a multiple 
bead weld. 
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The welder must inspect each elec- 
trode to make certain it is clean, dry, 
and not cracked, since this may affect 
the quality of the finished weld. 

To place an electrode ina holder, the 
jaws of the holder are opened, and the 
bare section of the covered electrode 
is placed between the jaws. See Fig. 
5-10. If after the jaws are closed, you 
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Fig. 5-10. A typical electrode holder used in metal- 
lic arc welding. By pressing down on a lever, the jaws 
are opened for insertion of the electrode. A power- 
ful spring keeps the jaws closed tightly. 
(Jackson Products) 


can move the electrode easily, the 
holder is loose and in need of repair, 


5-9. STRIKING AN ARC 


One of the first lessons you must 
master, when learning to arc weld, is 
to be able to produce an arc between the 
metal electrode and the base metal, To 
strike an arc, the electrode must first 
touch the base metal, and the end must 
then be withdrawn to the correct arc 
distance or length. 

At the first attempt to strike the arc 
the electrode may tend either to stick 
(weld itself to the base metal), or when 
the electrode is withdrawn, the move- 
ment may be too great and the voltage 
cannot maintain the arc, andthe arc will 
break (go out). Only experience will 
overcome these difficulties. 

The arc should be started by drawing 
a rather long arc momentarily to pre- 
heat the base metalbefore deposition of 


filler material (electrode) starts, to 
insure thorough fusion when beginning 
to weld. This may alsobe accomplished 
by moving a short arc rapidly back and 
forward over alimited area at the start, 

There are two common methods of 
producing the arc. The welder may use 
a glancing or scratching motion with the 
end of the electrode, or, he may use a 
straight down-and-up motion, Fig.5-11, 
illustrates both methods, 


5-10. ELECTRODE MOTIONS 


The manipulation of the electrode 
when arc welding is very important. 
Remember that any changes of motion, 
angle, and arc length may affect the 
quality of the weld. 

On single layer welds, the arc may 
progress with either a straight forward 
motion or an oscillatory motion de- 
pending on the size of the joint to be 
filled to bring it up to proper contour, 
and insure proper fusion in the root 
zone (bottom of the weld). 

As the thickness of the metal in- 
creases, the electrode must be moved 
in some definite pattern, to secure the 
proper fusion of the electrode metal 
with the base metal, and to obtain the 
proper weld face. Many operators use 
a small oscillating (back-and-forth) 
motion along the line of the weld to con- 
trol and produce a nice ripple. Small 
circular motions may be used, Some 
prefer the back-and-forth motion along 
with the half-circle across the weld on 
a 45 deg. angle to it. Some arc welders 
use figure-eight motion; some use a 
triangular motion; while most of them 
use all of these motions, depending upon 
the type of seam, and the position in 
which it must be welded; See Fig. 5-25, 

In multi-layer welding, the firstlayer 
should be deposited by moving the arc 
in a straight forward motion to secure 
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Fig. 5-11. Methods of striking an arc. The second method is most often used; however, if takes some practice 
to be skillful in its use. 


proper fusion in the root zone, while 
subsequent layers should be deposited 
with an oscillating motion to build up 
the weld to the proper contour, The 
first layer should be made with an 
electrode small enough to get thorough 
penetration at the root zone, 

Each layer should be thoroughly 
cleaned by brushing or chipping, tore- 
move all excess scale and oxides, 
before depositing succeeding layers. 
The surface of each layer should be 
reasonably smooth and uniform in 
contour. 

Various movements of the electrode 
may be made to form the seam or weld 
face, In general the movement of the 
electrode will be governed by the type 
of joint, the size of the weld, and the 
position of the weld. 


5-11. RUNNING METAL ARC BEAD 
ON FLAT SURFACE 


Before attempting to weld any type of 
seam in any position, you should prac- 
tice laying arc beads ona similar piece 
of metal of the same thickness as that 
to be welded. You must be able to make 
several excellent beads before pro- 


ceeding to make the various types of 
welds. 

An arc bead is produced by first 
creating the arc. The arc is made by 
touching the end of the electrode light- 
ly to the metal, and withdrawing it to the 
proper distance (gap). This gap varies 
with the size and the type of electrode 
used, Bare electrodes should have a 
gap of 1/8to 3/16 in. which necessitates 
a voltage of 20 to 24 volts across the 
arc. Covered electrodes use a longer 
gap, 3/16 to 1/4 in. necessitating 30 
to 40 volts across the arc. Aneasy way 
to check on the proper length of an arc 
is to listen to the sound of the arc, The 
proper arc gap when using bare elec- 
trodes, provides a distinct, crackling or 
frying sound, Covered electrodes also 
give distinct indications of proper arc 
length. The arc has a distinct hissing 
sound, usually without a crac kling 
sound. Further, the color of the arc 
changes, due tothe influence of the long- 
er arc on the gas envelope and slag. 

Balls of molten metal should not 
form on the end of the electrode as these 
globules drop into the puddle or crater. 
This condition indicates toolong anarc. 
By carefully observing these condi- 
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tions, the beginning arc welder will 
soon become adept in maintaining the 
correct arc length. 

To practice, secure a piece of mild 
steel approximately 1/8t01/4 in. thick, 
2 in, wide and 6 in, long. Ground this 
metal to the table, preferably at the end 
where the practice istobegin, as shown 
in Fig. 5-12. The grounding may be 
done by clamping it to the table with 
copper coated clamps. 

The amount of current depends on the 
thickness of the metal, and size of elec- 
trode used, Sizes and current values 
that have been found suitable for weld- 
ing are given in Fig. 5-4. In special 
cases other approved sizes and cur- 
rents may be specified, The current 
and voltage used should be measured 
by suitable meters, either mounted on 
the arc welding machine panel, or 
portable ones for use at the point of 
welding. Allowance should be made for 
voltage drop where the meters are not 
at the point of welding. 

A, Start and adjust the welding 
machine: 

1. Inspect the station and repair 
any items which require 
maintenance, 

2. Adjust the machine tothe prop- 
er settings according to the 
base metal thickness and elec- 
trode size. See Fig. 5-4, Always 
have an experienced operator 
try the machine before attempt- 
ing to weld with it, as many 
hours may be wasted by trying 
to learn arc welding with a ma- 
chine that is out of adjustment. 
Having an experienced arc 
welder observe your technique 
when starting, will correct 
faults which, if they become 
habits, will be hard to rectify. 

B, Insert the bare end of the electrode 
in the electrode holder. 
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Fig. 5-12. An arc bead in progress. Note that the 

electrode is inclined 20 deg. in the direction of trav- 

el. The completed arc bead should have straight edges, 
evenly spaced ripples, and uniform height. 


C. Assume a comfortable sitting or 
standing position, 

D. Lower the helmet or place the hand 
shield in front of your face, 

E. Grasp the electrode holder in one 
hand in a relaxed manner, and strike the 
arc. A slight semicircular vertical 
motion may be used (a glancing blow). 
Lower the electrode slightly for each 
motion until the electrode contacts the 
parent metal, As soonasthe arc is pro- 
duced, lower the electrode toward the 
work until the arc emits a hissing sound 
(like frying steak). 

F. Hold the electrode innear vertical 
position withthe electrode leaning about 
20 deg. from vertical in the direction 
of travel. 

G. Use no circular, oscillating, or 
saw-tooth motion for this thickness 
of metal, 

H. Progress either to the right, if 
right-handed, or the left, if left- handed, 
gradually lower the hand as the elec- 
trode is used up. 
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(1) WELDING ARC WAS MOVED 
ALONG TOO SLOWLY. 


OVERLAP 


(3) INSUFFICIENT HEAT FOR 
PROPER FUSION POSSIBLY 
TOO SHORT AN ARC. 


GAS POCKETS 
AND 
IMPURITIES 


SPATTER 


(2) TOO LONG AN ARC OR THE 
WELDING ARC WAS MOVED 
TOO RAPIDLY. 


NO 
[ PENETRATION OVERLAP 


ES. 


(4) WELL MADE WITH GOOD 
PENETRATION AND NO 
OVERLAP. 


Fig. 5-13. This sketch shows the effects on the finished arc bead of welding speed, current setting, and arc length. 


I. Keep watching the puddle to check 
its width, and also note the length of the 
arc, Mme oal 

J. A chalk line put on the metal before 
the weld is started will help the begin- 
ner to maintain a straight line. To stop 
the arc, move the electrode to the back 
of the crater and raise the electrode. 

K. Upon completing the bead, remove 
helmet. Put on chipping or grinding 
goggles and chip off the slag. Then use 
a wire brush to complete the cleaning 


job and inspect the bead for: 

1. Alignment, 4, Gas holes. 

2. Width of bead. 5. Spatter. 

3. Penetration. 6. Even bead. 
A good bead on 1/8-in. plate will look 
very similar to an oxyaċetylene weld, It 
will have a clean, shiny surface, of even 
width, good penetration, and good fu- 
sion. Figs. 5-13 and 5-14, show the 
effects of arc length on the appearance 
and penetration of an arc bead. 

A practical application of arc bead 


Fig. 5-14. The appearance of finished welds. 1, 2, and 3 show various covered electrode 


beads after slag removal. 4, shows bare electrode bead. 


(General Electric) 
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BUTT JOINT 


Mo 


LAP JOINT 
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CORNER JOINT 
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T-JOINT 


i 


EDGE JOINT 


Fig. 5-15. Common arc welding joint designs. 


exercises is the rebuilding of worn sur- 
faces in welding maintenance work, 
Shafting, excavation implements, gear 


teeth, wheels of various kinds, journals, 
etc., frequently are worn to the extent 
that they must either be discarded or 
salvaged. Rebuilding these surfaces by 
laying arc beads side by side over the 
worn surface in one or more layers, 
then refinishing, has become an im- 
portant arc welding maintenance 
operation, 

Another application of bead work is 
hard surfacing or wear-resistant sur- 
facing. Laying beads of special metal- 
lic alloys side by side on a soft steel 
surface provides a surface that is ex- 
tremely hard and resistant to abrasion, 
See CHAPTER 20. 


5-12. TYPES OF JOINTS 


In arc welding, there are five basic 
types of joints, or ways of arranging the 
base metals to be joined in relation to 
one another: 

1. Butt joint. 

2. Lap joint. 

3. Corner joint, 

4. T-joint. 

5. Edge joint. 

See Fig, 5-15. 

The edge preparation, and method of 
welding may vary with each joint 
classification. 


5-13. POSITION OF WELDS 


Welds made in the flat position (down- 
hand) are the easiest to make, However, 
it is often necessary to make welds in 
various other positions, 

The recognized positions are: 

FLAT POSITION WELDING. 

The position of welding where welding 
is performed from the upper side of the 
joint, and the face of the weld is approxi- 
mately horizontal,as shown in Fig,5-16, 

HORIZONTAL POSITION WELDING. 

Fillet Weld. The position of weld- 
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WELD 
FACE 


OUTSIDE CORNER 
JOINT 


T-JOINT 
WELDED IN FLAT 
POSITION 


WELD 
FACE 


INSIDE CORNER 
JOINT 


Fig. 5-16. Examples of welds made in the flat (down- 
hand) position. Note that the face of each weld is in 
a horizontal position. 


ing where welding is performed on the 
upper side of an approximately hori- 
zontal surface, and against an approxi- 
mately vertical surface, 

Groove Weld, The position of welding 
where the axis of the weld lies in an 
approximately horizontal plane, andthe 
face of the weld liesinanapproximate- 
ly vertical plane. 

VERTICAL POSITION WELDING. 

The position of welding where the 
axis of the weld is approximately 
vertical, 

OVERHEAD POSITION WELDING. 

The position of welding where weld- 
ing is performed from the underside of 
the joint, and the axis of the joint and 
base metal are both approximately 
horizontal, 


. 5-14. ARC BLOW 


One characteristic of DC arc weld- 
ing, not found when using AC arc weld- 
ers, is the occasional fluctuating arc, 
or arc instability, This actionis usually 
due to the forces in the magnetic field 
built up around the arc. All conductors 
of electricity are surrounded by mag- 
netic lines of flux whencurrentis flow- 
ing. It is the effect of the magnetic flux 
surrounding the armature windings in 
an electric motor which produces the 
force which causes the motor to rotate. 
The welding arc is a very flexible con- 
ductor. Any magnetic effect which might 
cause the arc to move will be success- 
ful. Iron and steel are much better con- 
ductors of magnetic flux than air. Mag- 
netism will travel in the metal rather 
than air. The lines of flux become 
crowded as they approach the ends ofa 
weld and there will be a more dense or 
concentrated magnetic force at the end 
of the weld, tending to deflect or move 
the arc from its normal path. This 
movement is called arc blow. 
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Fig. 5-17, illustrates the magnetic 
flux path around a DC arc. Note that at 
the beginning and end of the weld, the 


- 
i 


Fig. 5-17. How magnetic field around electrode is de- 

flected at ends of joint, as it attempts to flow in the 

metal and not through the air. This concentration of 

magnetic flux forces arc toward center of base metal. 

Thus arc is seen to ‘“‘blow” away from area directly 
under electrode. 


trouble caused by arc blow is greatest. 

When welding together two pieces of 
metal as shown in Fig. 5-18, the flow 
of welding current may set up a field 
around the work which may make the 
arc difficult to control, With the arc as 
shown in position C, and if the base 
metal grounds at A and B, due to an 


A. FLAT FACE FILLET 


Fig. 5-19. Cross sections of acceptable fillet welds (etched and magnified four times). 


B. CONVEX FACE FIL 


uneven worktable, the current flow in 
the base metal will be from A to C and 
from B to C, As the arc path weaves 
back and forth, the strength of the mag- 
netic field around the two pieces of base 
metal will alternately increase and de- 
crease. This fluctuation in magnetic 


WORK 
A TABLE 


ELECTRODE 


Fig. 5-18. How welding current may flow through base 
metal from arc to point where metal is touching ground- 
ed worktable as weld progresses. The magnetic field 
surrounding the current paths will fluctuate as arc 
weaves along arc path. This fluctuating magnetic field 
may cause “‘arc blow” or unwanted arc movements. 


field strength around the two pieces of 
metal, may cause the arc to fluctuate 
from the desired path, Arc blow may be 


C. CONCAVE FACE FILLET 


Lae 
(U. S. Steel) 


5-14 


Photomacrograph of a fillet weld on a T-joint using 
DC. Note the undercut on the vertical piece of metal. 


reduced by carefully clamping the work 
to the welding table in several places. 
In welding large pieces it may be de- 
sirable to move the ground clamp or 
cable as the weld progresses. 

If the current flow changes direction 
rapidly, as in AC current arc welding, 
the magnetic field will also change 
directions very rapidly and this change 
will cancel the "arc blow" effect and 
stabilize the arc. 


5-15. UNDERCUTTING 


Undercutting is defined as AGROOVE 
MELTED INTO THE BASE METAL 
ADJACENT TO THE TOE (EDGE) OF A 
WELD AND LEFT UNFILLED BY 
WELD METAL, 

Since the base metal is thinner in 
the area of the undercut, this area be- 
comes an area of possible weld failure. 

It is essential that the bead have no 
indications of undercutting, and that 
thorough fusion is evident along the 


length of the bead, as shown in Fig. 
5-19. Undercutting usually indicates 
that the welder has either been using 
the wrong electrode motion, or thatthe 
machine is not adjusted correctly. Fig. 
5-20, illustrates beads which have poor 


Ld 
t 


A. EXCESSIVELY CONVEX 


B. UNDERCUT C. OVERLAPPED 


Fig. 5-20. Cross sections of unacceptable fillet welds 
(etched and magnified four times). These are unaccept- 
able. A. Excessive contour. B. Undercutting. C. Over- 
lapping (This weld was made in the overhead position.) 
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UNDERCUT 


OVERLAP 


Fig. 5-21. A properly made bead is shown at A, it has good contour and penetration. At B, the bead is under- 
cut and the base metal is thus weakened. At C, the bead was made with insufficient heat and the bead is over- 
lapped with poor fusion and penetration. 


contour, are undercut or are over- 
lapped. Fig. 5-21, alsoillustrates 
undercutting and overlapping. 


5-16. ARC WELDING AN EDGE JOINT 


The edge weld is defined by AWS as 
A JOINT BETWEEN THE EDGES OF 
TWO OR MORE PARALLEL OR NEAR- 
LY PARALLEL MEMBERS, See Fig. 
5-15, 

The edge weld may be made in any 
position, 

This type of joint is the easiest of the 
various joints to are weld. 

On thin metal no edge preparation i's 
necessary. On thicker pieces of base 
metal, the edge should be ground or 
machined to provide a V, U or J-groove, 

As the first experience in joining two 
pieces together by arc welding, the 
welder should obtain two pieces of metal 
approximately 1/4-in.thick, This thick- 
ness of metal should require no edge 
preparation. The pieces should be 
clamped together and grounded to the 
table, Firebricks may be used to prop 
the pieces up so that a flat weld posi- 


tion is possible, The arc is struck and 
a bead laid in the same manner as when 
making a bead on a flat piece, as shown 
in Fig. 5-22. 


FIRE BRICK 


C 
BASE METAL 
ON EDGE 


A 
WORKTABLE 


Fig. 5-22. A suggested setup for arc welding an edge 
joint in the flat position. 


5-17. ARC WELDING BUTT JOINT 
IN FLAT POSITION 


To arc weld two 1/8-in. thick, mild 
steel plates together, using 1/8-in. 
diameter covered electrodes, the oper- 
ator should adjust the machine to 
approximately 80-100 amperes. Toad- 
just for the correct amperage, the be- 
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ginner should start the machine, insert 
a mild steel 1/8-in, diameter electrode 
in the holder, and strike an arc while 


TACK WELD 


Fig. 5-23. Preparing a V-groove butt joint for weld- 
ing. The edges have been beveled and the metal tack 
welded to hold it in proper alignment. 


someone watches the ammeter. Do not 
look at the arc rays without correct eye 
protection, It is better to have another 
person watch the ammeter while you 
strike the arc. The arc shouldbe emit- 
ting a hissing sound, whichindicates the 
proper arc length for covered elec- 
trodes, when the ammeter is read. The 


correct machine setting to be used for 
the different exercises may be obtained 
from Fig. 5-4. The arc potential (volt- 
age) is read at the same time and should 
be between 20-25 volts. 

After practicing enough to obtain con- 
sistent good welds with the 1/8 in, thick 
mild steel, you should practice on thick- 
er plates. 

Procure two pieces of 3/8 or 1/2 in. 
thick cold-rolled steel and grind or cut 
the metal to a V (45 deg.), which should 
extend within 1/16 in. of the bottom, 
Tack the ends, leaving a 1/16 in, gap 
at the bottom of the V as shown in 
Figs 5-23. 

The base metal joint should be 
tapered, or tacked, to prevent or con- 
trol distortion while welding, This 
welding may be done in one, two, or 
three passes, as shown in Fig. 5-24, If 
done in one operation, the welder must 


AA 


H 


Fig. 5-24. Arc welded joints welded in multiple passes. A. First or root pass in a butt joint. B. Second pass. 
C. Third pass. D. Finished weld. E and F. Show butt joint where root pass is welded from the penetration side 
of the joint. G. Shows a lap joint welded in three passes. H. Shows a T-joint welded in three passes. 
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use an oscillating motion to distribute 
the filler metal in the V and to secure 
adequate fusion. If two or more beads 
are used to complete the weld, the 
operator should clean the first bead be- 
fore attempting to make the next beadto 
prevent including slag in the next bead 
or pass. This weld shouldbe penetrated 
slightly, and it should also be built 
above the original metal. 

In case of a long weld where more 
than one electrode is used, the arc shall 
be restarted about 1/4 to 3/8 in. ahead 
of the crater, going back over the crater 
to properly fill it and keep a uniform 
contour, thus assuring proper preheat- 
ing as in the start of the weld. 

Rusty, dirty, or greasy metals are 
difficult to arc weld as the arc will be 
hard to maintain, Also the resulting 
weld will be poor. A steel brush is a 
handy tool with which to remove rust 
and dirt from the metal, Such a brush 
should be kept in a convenient place in 
the booth. 

Some operators use steel wool for 
metal cleaning when preparing for high 
quality welds. When welding stainless 
steel, stainless steel wool is suggested 
for the cleaning. Always remember, the 
cleaning device must be clean too. 

Place the two pieces of metal to be 
welded on the table with their longer 
edges touching (butt joint). Allow for 
metal contraction by 'V-ing" the gap 
lengthwise, or, by tacking the two 
pieces at both ends of the joint, Put the 
face shield in place, strike the arc, and 
reduce the arc length until the hissing 
sound is heard, Slowly move the elec- 
trode and puddle along the seam, Con- 
trolthe puddle size by the movement of 
the electrode along the seam, Be sure 
the puddle is equally divided between the 
two pieces. Use very little motion, 

When the end of the seam is reached, 
break the arc by moving the arc to the 


back of the crater and lifting the 
electrode, 

Cool the weld, remove the slag, if 
any, and wire brush the weld surface. 
Guard your eyes against flying parti- 
cles, ALWAYS USE SAFETY GOGGLES 
WHEN CLEANING METAL. 

Inspect the weld for straightness, 
constant width, smoothness, penetra- 
tion, gas bubbles, fusion, spatter, and 
buildup. It should have a clean-looking 
bead with straight edges and constant 
width of bead. The height of the bead 
should be constant. The ripples should 
be evenly spaced. The penetration 
should just show through the under part 
of the metal joint. The weld should be 
without small cavities which would 
indicate too long an arc. It should have 
good fusion. Fusion means a good bond 
between the added metal and the origi- 
nal steel plates. It is indicated by a 
perfect blend, not by a distinct edge be- 
tween the added metal and the parent 
metal, There should be little or no 
spatter, Spattering is the result of too 
long an arc, or, too high voltage 
(potential) and too high current, If the 
metal is loosely connected to the table, 
the resulting wandering arc may give 
poor fusion and weld appearance, 


5-18. ARC WELDING L AP JOINT 
IN FLAT POSITION 


This type of seam is common al- 
though it is not the best weld for 
strength, Fig. 5-25, illustrates various 
lap joint assemblies. To arc weld this 
joint successfully, you must remember 
that the piece which is not having its 
edge welded will require the greater 
portion of the heat, To distribute the 
heat, a weaving motion must be used 
with most of the motion taking place 
over the bottom piece. The electrode 
must be held in a position to point it at 
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a slight angle into the joint. Tokeep the travels over the edge ofthe upper piece. 
ane length constant, the welder must The finished bead must be slightly 
raise the electrode slightly as the arc crowned (convex) and must be straight, 


B RIT 


T 


C 


A 


Er 


d to arc weld lap joints: A. Flat position is easiest position to use when learning 
n is also considered to be in flat position, but is a little more 
difficult than (A) above. C. This is a design which presents two lap joints and one butt joint. D. Proper posi- 
tion of electrode for lap welding is shown in front and end view of a lap weld in progress. E, F, G. Various 
electrode motions used when lap welding. 


Fig. 5-25. Various ways use 
to weld lap joint. B. Lap weld in this positio 
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(1) 


UNDERCUT 


E 


Fig. 5-26. Preparation and arc welding of inside corner and T-joints. If possible the metal should be placed 

in a position shown in (I) on each type of joint. A. Thin metal corner joint welded in inside. B. Thin metal T- 

joint. C. Thick metal corner joint welded on the inside. D. Thick metal T-joint. E. Electrode angle used when 
making fillet weld on corner and T-joint. 


even in width, smooth, and clean, It better weld, if the joint is positionedas 
should show good fusion between the shown in Fig, 5-25 Part A, In welding 
bead and the parent metal, exercises the best results are obtained, 

The beginner will be able to make a if the electrode is as close to vertical 
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as possible. Therefore, the joint should 
be positioned to make this electrode 
position possible. 


5-19. ARC WELDING A CORNER 
JOINT IN FLAT POSITION 


This joint may be welded from the 
inside with a fillet weld, or from the 
outside of the corner using a butt weld, 
When welding these joints in the flat 
position the base metals should be 
placed as shown in Figs. 5-16 and 5-26, 
for the easiest welding position. The 
electrode must be held at an equal angle 
between the pieces (45 deg.), and the 
holder end should be tilted slightly in 
the direction the electrode is traveling. 
The finished weld shouldbe concave for 
the fillet weld buildup for the outside 
corner joint, and both welds should be 
straight, even in width, smooth, clean, 
and evenly placed, half onone piece and 
half on the other piece. 


5-20. ARC WELDING T-JOINT IN 
FLAT POSITION 


The T-joint is formed by placing one 
of the base metal pieces in the center, 
or near the center of the other piece of 
base metal and at a right angle toit, to 
form a T- shape. This joint may be weld- 
ed either on one side only or on both 
sides. To weld this joint inthe flat posi- 
tion, the base metals should be placed 
and tacked as shown in Figs. 5-16, and 
5-26. 


5-21. ARC WELDING IN 
HORIZONTAL POSITION 


When welding a butt, lap, edge or 
outside corner joint in the horizontal 
position, the electrode should be pointed 
upward at about 20 deg. to counteract 
the sag of the molten metal in the 


crater. The electrode is also inclined 
about 20 deg. in the direction of travel 
of the weld as shown in Fig. 5-27. The 


Fig. 5-27. Arc welding horizontally positioned butt 

joint on vertical surface. The electrode should be 

held 20 deg. down from joint and 20 deg. forward of 

puddle in direction of travel. Recommended electrode 
motions are shown at A. 


arc gap (low voltage) should be short- 
ened so the molten filler metal will 
travel across the horizontally posi- 
tioned arc. You must be sure to elimi- 
nate undercutting at the edge of the bead, 
which is the result of excess current 
for the size of the electrode used or 
poor electrode motion, When welding a 
T or inside corner joint withone piece 
of the base metal in a near vertical 
position, and one in a near horizontal 
position, the electrode is inclined 20 
deg. in the direction of travel. The 
electrode is also positioned at about a 
45 deg. angle to the horizontal piece of 
metal as shown in Fig. 5-28. The 
motion used is usually some type of 
weave motion with the forward motion 
taking place on the vertical piece. 


5-22. ARC WELDING ON 
VERTICAL SURFACE 


Whenever possible, welds should be 
made with the seams inthe flat position. 
In factories, specialturntables are used 
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Fig. 5-28. A welder about to tack weld T-joint prior 
to making a fillet weld in horizontal position. Note 


position of electrode. (Lincoln Electric) 


to move the work so that this position 
may be obtained. However, many welds 
have to be done ina vertical, horizontal, 
or in an overhead position because of 
the size of the project or because turn- 
tables are not available. These welds 
must be ofthe same quality and strength 
as welds done in a flat position, Fig. 
5-29, illustrates metal and electrode 
positions for verticalbutt joint welding. 


SEI 


DOWN UP UP 
A 


Fig. 5-29. Method of welding butt joint in vertical 

position. The electrode is held at 20 deg. from hori- 

zontal in the direction of travel. Recommended elec- 
trode motions are shown at A. 


When welding a vertical seam, the 
molten metal tends to flow down the 
seam. This flow or sag can be mini- 
mized and even eliminated by pointing 
the electrode slightly (approximately 
20 deg.) upward. Further, a short arc 
must be maintained, and the motion 


Fig. 5-30. A welder shown making fillet weld in verti- 
cal position on a large field welded structure. 


(Hobart Brothers) 
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Fig. 5-31. Method of welding a butt joint in overhead 
position. Only covered electrodes should be used 
and the welder should use a short arc. 
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must be such that the force of the arc 
will oppose the sagging. Fig. 5-30, 
shows a welder making a vertical weld, 


5-23. ARC WELDING OVERHEAD 


This method of arc welding is the 
most difficult. It can also be dangerous 
for any operator who is not wearing the 
correct protective clothing. The be- 
ginner should practice making beads in 
the overhead position before attempting 
to weld seams. Fig. 5-31, shows a butt 


joint overhead arc weld in progress. 
Fig. 5-32, shows an overhead weld 
being made on a T-joint. 


5-24. CARBON ARC WELDING 
PRINCIPLES 


The carbon arc method of welding 
produces an arc between the metal and 
a carbon electrode or between two 
carbon electrodes. The arc thus pro- 
duced will melt the base metal, andthe 
operator may add metal to this molten 


Fig. 5-32. Making a practice overhead arc weld. Note position of electrode in electrode holder. This welder 
is wearing a cape to protect his arms and shoulders, apron, and gauntlet gloves. 
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puddle by means of a welding rod 
(filler rod), as shown in Fig. 5-33. 

In the type of carbon arc welding 
making use of two carbon electrodes, 


CARBON =< 
ge LECTRODE 


GENERATOR 


Fig. 5-33. Single carbon electrode arc circuit. An 

arc between the carbon electrode and the work fur- 

nishes the heat. The welder must add welding rod 
to the weld as in gas welding. 


an are is struck only between the two 
electrodes, The heat from this arc is 
high enough for heat treating, soldering, 
brazing, and light gauge metal welding. 
A double carbon are welding electrode 
holder is shown in Fig. 5-34, 


ARC LENGTH 
ADJUSTMENT 


CARBON 
ELECTRODE 
CL AMP 


Fig. 5-34. A twin carbon electrode holder with car- 
bon electrodes in place. Two leads are required be- 
cause the arc is created between the two electrodes. 


The carbon electrode is prepared for 
use by grinding the electrode to the 
shape of a cone, The taper of the cone 


m 10 TIMES DIAM. 
E TO 8 TIMES DIAM. 


Fig. 5-35. Method of preparing carbon electrode for 

use in carbon arc welding. The carbon should taper 

a distance equal to 6-8 times its diameter, and should 

stick out from holder a distance equal to 10 times 
its diameter. (National Carbon) 


should be 6-8 times the diameter of the 
electrode, When placing the carbon 
electrode in the holder the electrode 
should stick out from the holder a dis- 
tance equal to 10 times the electrode 
diameter as shown in Fig. 5-35. 


5-25. SHUTTING DOWN ARC 
WELDING MACHINE 


Shutting down of an arc welding sta- 
tion is usually accomplished by: 

A. Hanging the empty electrode hold- 
er on its insulated hook, 

B. Pressing the OFF button on the 
machine, 

C. Pulling the manual switch or cir- 
cuit breaker to the OFF position, 

D. Cleaning the stationincluding: 

1. Electrode holder. 
2. Bench, 
3. Floor. 

E. Storing electrodes of usuable 
length. 

F. Hanging helmet in its assigned 
place, 

It is very important that the equip- 
ment be kept clean, since during arc 
welding oxide dusts are formed which, 
if allowed to accumulate, will collect on 
the equipment and will cause them to 
deteriorate rapidly, The machine 
should also be kept away from moist or 
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corrosive locations. Practically all 
manufacturers have special features 
constructed in their machinery, for 
which reason it is recommended that 
the instructions accompanying each 
machine be read carefully and followed, 


5-26. REVIEW OF SAFETY IN 
ELECTRIC ARC WELDING 


Following are some safety rules that 
must be carefully observed, if accidents 
when welding are to be prevented: 

1. Your eyes and face must be pro- 
tected from harmful rays and sparks by 
using an approved type of helmet. See 
Big. 5-7, 

2. Recommended clothing and shoes 
must always be worn, 


BILLINGS VO - TECH CENTER 


3. Open pockets and cuffs otep 
mitted, because they may catch hot 
sparks and the clothing may be ignited. 

4. The floor on which the operator 
stands should be kept dry, to eliminate 
the chance of an electrical shock. 

5. Only an experienced electrician 
should work on electrical power con- 
nections used in the electric arc weld- 
ing machine. 

6. The operator should wear heavy, 
gauntlet-type gloves. 

7. When arc welding, all skin should 
be covered to prevent burns from the 
arc rays. 

8. The operator should have adequate 
ventilation to protect the nose, throat, 
and lungs from harmful and irritating 
fumes generated in the electric arc. 


5-27, TEST YOUR KNOWLEDGE 


1. What is the recommended voltage 
when metallic arc welding? 

2. What polarity does anode signify? 

3. Should an arc weld penetrate 
through the thickness of the metal? 

4. Does an arc weld usually have a 
ripple bead similar to acetylene 
welding? 

5. Why must the operator wear gloves 
when electric arc welding? 

6. Why are Nos. 10 and 12 safety lenses 
used in helmets and hand shields? 

7. Is it necessary to vary the voltage 
for different thicknesses of metal ?Why ? 

8, In what direction do the electrons 
travel when using straight polarity? 

9, What is the distinct sound indication 
of the correct arc length when welding 
with covered electrodes? 

10. At what angle should the electrode 


be held in relation to the metal for flat 
position butt joint welding? 

11. How much of the heat used for arc 
welding is liberated at the electrode 
when using straight polarity? 

12. What is the result of maintaining a 
welding arc that is too long? 

13. Why is it necessary that all electric 
connections be tight and clean? 

14. What is the function of the coating 
on a shielded-arc electrode? 

15. Why doesn't the ammeter register 
unless an arc is being maintained? 

16. What produces the heat in electric 
welding? 

17. What is meant by the arc core? 

18. Name four different types of elec- 
tric arc welding. 

19. What are the two fundamentaltypes 
of electric welding? 
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Industry photo. Note special fixture used to hold the work. 
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Chapter 6 
DC ARC WELDING 


EQUIPMENT AND SUPPLIES 


In this Chapter we will discuss the 
construction, operation and mainte- 
nance of various kinds of direct current, 
electric arc welding apparatus. 


6-1. ARC WELDING STATION 


A complete are welding station con- 
sists of a booth, DC power source, 


welding table, ventilating system, elec- 
trode cable, electrode holder, and a 
ground cable, as shown in Fig. 6-1. 

There are several types of DC power 
sources: 

1. Motor generator. 

2. Engine driven generator, 

3. Rectifier. 

4. AC/DC arc welder combinations, 


Fig. 6-1. Complete arc welding station. Note that the ventilating air enters above the welder and 


is directed down and away from the welder’s face. 


(Hobart Brothers Co.) 


Modern Welding 


6-2. DIRECT CURRENT, ARC 
WELDING GENERATOR 


The generator used in the motor 
generator unit, and the engine driven 
unit is basically the same. Those who 
use the machine should become familiar 
with its construction and operation. 

The task of the arc welding generator 
is extremely difficult. As the operator 
strikes an arc, the electrical pressure 
(potential, volt reading) drops and the 
current flow goes to a maximum. The 
generator is necessarily of special de- 


sign, and incorporates features not 
found in any ordinary electric 
generator, 


The welding generator must produce 
enough current (DC) at a constant rate 
to furnish heat required to melt what- 
ever thickness of metal istobe welded. 
The apparatus must be safe to use, It 
must be of sturdy construction so it 
will stand years of use. It must furnish 


OPEN CIRCUIT 
VOLTMETER 


CLOSED CIRCUIT 


OPEN CIRCUIT 


CLOSED CIRCUIT 
AMMETER 


Fig. 6-2. Typical arc welding meter readings. 


electricity for welding at aconstant rate 
up to its rated capacity, regardless of 
how heavy the demand, or howirregular 
the conditions, 

The generator may be equipped with 
either one or two regulating mediums, 
If one medium is used, this adjustment 
regulates both the ampere flow and the 
voltage (potential). If two adjustments 
are used, one is used to adjust the 
current, and the other to control the 
potential (volts). 

To understand these adjustments and 
to realize what the various readings 
mean, it must be remembered that the 
ampere flow denotes the quantity of 
electricity. Upon it depends the amount 
of heat being produced at the weld. The 
voltmeter reading denotes the pressure 
of the electricity, and upon it depends 
the ability to strike and hold an arc, 
The higher the voltage reading or po- 
tential, the longer the arc which may 
be maintained. 

When the machine is not being used, 
even though it is running, no current 
flows. The ammeter will read zero 
except when the machine is being used 
for producing an arc, or when current 
is flowing. The voltmeter will register 
at all times except when the machine is 
not running. The voltmeter, therefore, 
will indicate two potentials: (A) open- 
circuit, (B) closed-circuit potential as 
shown in Fig. 6-2. 

The open-circuit voltmeter reading 
is the reading the meter willhave when 
the machine is running, but not being 
used to produce an arc potential, The 
open-circuit and closed-circuit voltage 
of the generator is adjustable, however 
the open-circuit voltmeter reading 
rarely exceeds 60-80 volts, The closed- 
circuit voltage is much lower than the 
open-circuit reading, meaning that 
when the machine starts to produce an 
arc, the pressure which forces the 
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amperes through the arc gap decreases 
considerably. 

The amount of the closed-circuit 
voltage is important. If the closed- 
circuit potential is too high, the weld 
metal will be brittle and will contain 
pits and air holes. If it is too low, it 


AMMETER 


Welding generators are specially 
constructed to produce high current 
flow at low potential. A variety of 
generator sizes are available. Fig. 
6-3 shows a motor generator on wheels. 
The current produced by the generator 
should be steady, and the potential 


Fig. 6-3. DC motor-generator welding machine on wheels. 


will be almost impossible to strike 
(create) and maintain an arc. 

The generator produces electrical 
energy (watts). Watts are equal to the 
product of the potential (volts) and the 
current flow (amperes), both are nor- 
mally indicated on dials mounted on the 
machine. The dials give the relative 
values of these two. The formula for 
finding wattsis: Watts - Voltage x Am- 


perage. 


must not fluctuate during the welding 
procedure, A steady current is main- 
tained by special devices incorporated 
in the design of the generator. Com- 
pensation poles are builtinto the gener- 
ator so that the coils overlap the main 
field coils, producing a more stable 
arc as shown in Fig. 6-4. A reactor is 
also used, This is an electrical device 
which acts asa current shock absorber. 
It absorbs the current fluctuations and 
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smooths out the flow of current to the 
arc. It consists essentially of a huge 
coil of wire, wound on a laminated 
metal core and connected in series with 
the arc, as shown in Fig, 6-5, 

Some machines use a separate ex- 
citer to maintain good potential and 
current flow characteristics. An ex- 
citer is a small generator, electrically 
connected to the field windings of the 
large generator, The exciter keeps a 
constant potential on the main fields 
and also prevents them from reversing 
their polarity. 

The electric arc lengthvaries slight- 
ly, depending on the steadiness of the 
operator, When the arc lengthchanges, 
the potential and the current tend to 
fluctuate, Most of the machines pro- 
duce consistent arcs under variedcon- 
ditions. Fig. 6-6, shows the electrical 
wiring of a typical DC motor generator 
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gasoline engine. Some models are built 
in a vertical position, some in a hori- 
zontal position. If a separate housing 
is used to house the generator and 
motor or engine, a flexible coupling is 
used to connect the two, The generator 
bearings are usually ball or roller 
bearings. The commutator bars are 
usually assembled into a cylindrical 
shape. The brushes must make good 
contact with the commutator, and the 
commutator must be in good condition 
to operate satisfactorily. See CHAP- 
TER 26, for service information on 
arc welding equipment, 


6-3. GENERATOR AND MOTOR 
AIR FILTERS 


To reduce bearing and commutator 
maintenance costs to a minimum, and 
to increase the high efficiency life of 
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COARSE CURRENT 
ADJUSTMENT (RANGE SWITCH) 


Fig. 6-6. Pictorial wiring diagram of DC motor-yenerator welding machine, with electric motor drive. 


arc welder, The generator may be a 
separate part, or it may be built into 
the same housing as the motor or 


a motor generator arc welder, an air 
filtering accessory has been developed. 
The air filters or cleaners are made 
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ON-OFF POLARITY 
SWITCH A SWITCH 


FILTER 


Fig. 6-7. An air filter has been installed on a DC mo- 
tor-generator arc welder to prevent air-borne dirt from 
damaging internal parts of the welder. 


to fit practically all models of arc 
welders. Fig. 6-7 shows an air filter 
installation. The filters may be cleaned 
by blasting with high pressure air, with 
steam, or by rinsing in a commercial 
solvent. 


Ls» AIR COOLED 


`~ 


WORK LEAD 


6-4. DC ARC WELDING 
GENERATOR DRIVES 


As mentioned before, the generator 
may be driven by a gasoline engine, or 
an electric motor. A gasoline engine 
is used in remote localities, or on con- 
struction work where electricity is not 
available. Where practical the electric 
motor drive is used. Its construction, 
housing, bearings, etc., are similar to 
the generator. Electrically, itis usual- 
ly an induction motor using 60 cycle, 
3 phase current of either 230 or 460 
volts. The motor is equipped with a 
manual switch, magnetic starter, and 
an overload, cut-out safety switch, The 
motor size varies with the generator 
size, A 10 to 15 HP motor is usually 
used to drive a 200 amp; 20 to 40-volt 
generator. 

Gasoline engines used are of typical 
construction. They come in a variety 
of sizes. Some are water-cooled, some 


D ELECTRODE 
ENGINE \ LEAD TAPS 


Fig. 6-8. A two cylinder air-cooled engine used to drive a DC tap-type arc welder. 
(Harnischfeger) 


6-7 


Modern Welding 


air-cooled, All have automatic throttle 
controls and governors to control the 
flow of power to the generator accord- 
ing to the welding demand, Fig. 6-8 
illustrates a DC generator driven by an 
air-cooled engine. A water-cooled en- 
gine and DC generator combination is 
shown in Fig, 6-9, 


DC GENERATOR 


Fig. 6-9. Water-cooled engine 
used to drive e DC generator. 


6-5. ENGINE DRIVEN ARC 
WELDING EQUIPMENT 


The welding generator is basically 
a source of electrical energy. Several 
of the welding companies now supply 
dual-purpose units that are usable both 
as a welding machine and as a source 
of regular electric power. Construction 
companies, farmers, remotely located 
activities, and concerns that find it 
wise tohave stand-by electrical service 
use such machines. 

The machine fundamentally is an in- 
ternal combustion engine driven gener- 
ator. It is powered by an automatically 
governed gasoline engine. Units of this 
type usually operate at 1800 RPM, The 
typical generator can furnish up to 200 
or 300 amperes of direct current for 
welding, and from 5 to 8 KW at 120 
volts single phase (AC). Units of both 
smaller and larger capacity are ob- 
tainable. This type is the more simple 
of the dual-purpose units as it uses 
only one generator. 

Some of the larger units require up 
to 70 HP at 1800 RPM, and can provide 


Fig. 6-10. A 300-amp. DC Welder with 6-12 KW of 115-230 V auxiliary power, driven 
by a water-cooled engine. This type unit may be mounted on a truck for portability. 
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ARC WELDER 
CIRCUIT 


2G NiGIEE 
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Fig. 6-11. Principles of operation, single-phase, 1/2 cycle DC arc welder. The 
electrons can flow only in the direction of the arrows. When the flow attempts to 
reverse, the rectifier resists the flow. 


either single or three phase 115 volt or 
230 volt current up to 25 KW (kilowatts) 
(25000 watts), as shown in Fig. 6-10. 
These units furnish up to 600 amperes 
DC at 40 volts for welding purposes. To 
furnish both DC and AC, the generator 
unit consists of two separate gener- 
ators, one to create welding current 
(DC), the other to produce auxiliary 
power current (AC). Such a machine 
can be used both as a welder, and as 
a power source at the same time. 


6-6. RECTIFIER TYPE DC 
ARC WELDER 


The rectifier type DC arc welder 
consists of a transformer, anda silicon 
or selenium rectifier to convert the 
alternating current to direct current. 
Silicon and selenium are semicon- 
ductors of electricity which permit 
easy flow of electrons in one direction 
but poor flow in the other. De aal 
shows a schematic wiring diagram, 

The rectifier type arc welder is a 
DC welder without major moving parts, 
It can deliver either straight or re- 
versed polarity direct current, It is 


very quiet in operation, and mainte- 
nance is reduced to a minimum, Fig. 
6-12 illustrates a rectifier type DC 
welder. In this welder, the only moving 

REMOTE VERNIER 


CONTROL CURRENT 
RECEPTACLE ADJUSTMENT 


ON-OFF 


SWITCH 


COOLING AIR 
GRILL 


Fig. 6-12. DC arc welder using a rectifier to change 
AC input to DC output. Polarity is changed by reversing 
leads on the machine. 


part is an air circulation fan which 
serves to cool the mechanism. The 
machines are built in various ampere 
capacities. Fig. 6-13, shows the in- 
ternal construction of a rectifier type 
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Remote Amperage Control Receptacle 
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Remote 
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Current Control Rheostat 


Secondary Terminals 


Case Back Panel 


Primary Coil 


© Primary Terminal Panel 


Fuse Receptacle 


Secondary Coil D.C. Control Coil 


Fig. 6-13. Rectifier type DC arc welder. Above photo shows the welder with case removed. Drawing below 
illustrates the major parts of the welder shown in photo above. (National Cylinder Gas) 


DC are welder. Fig. 6-14, illustrates The primary circuit of this type arc 
the wiring diagram of a three-phase welder, shown in Fig. 6-14, is three- 
input rectifier type DC arc welder. phase. The fan motor is single-phase 
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POWER i 
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(Cj \ {CONVERTS CONTROL CURRENT 
y FROM AC TO DC) 
CONTROL TRANSFORMER VARIABLE TRANSFORMER 
CONTROL CIRCUIT} (CURRENT ADJUSTMENT) 
Fig. 6-14. A wiring diagram for rectifier type DC arc welder. 
with a capacitor start device, Because AMPERAGE 


of the three-phase input, three recti- FINE CONTROL 


fiers are needed. 


6-7. DUAL-PURPOSE ARC WELDERS 


SWITCH 


The use of rectifiers to change AC 
to DC has resulted in quiet operating 
machines. Because there are recti- 
fiers of such efficiency that one square 
inch of rectifying surface will carry 
as much as 200 amperes, some com- 
panies are offering machines that can 
be used for either AC welding, or DC 
welding. The use of selenium and POSITION 
silicon products has resulted in more AC 
efficient and more durable machines. pee iON 
This type machine, because it is both 
DC and AC uses only single-phase 
primary current (power source), The 
appearance, operation, and mainte- | 
nance of these welders is similar to : 


the other transformer types, as shown Fig. 6-15. Combination DC and AC transformer-recti- 
iH paom5-15. fier type arc welder. 
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6-8. THREE-PURPOSE 
ARC WELDERS 


Inert gas arc welding usually re- 
quires automatic devices to control 
the inert gas flow, water flow, control 
of the high frequency arc starting de- 
vice when AC is used, and automatic 
starting and stopping of the welding 
Current, 

Some equipment manufacturers are 
offering a self-contained welder, that 
can be used for DC welding, AC weld- 
ing, and for inert gas arc welding with 
all the controls contained in one unit, 
such as shown in Fig. 6-16. This welder 
is a versatile welding station usable for 
practically all the forms of arc welding. 


6-9. OTHER TYPES OF DC 
ARC WELDERS 


The rectifier tube type of welder 
uses the principle of the rectifier tube 
found in storage battery chargers and 
alternating current input radio re- 
ceivers, to supply current for welding. 
The principle of operation is to pass 
the current through a gaseous gap from 
a sharp electrode to a flat-faced elec- 
trode. The current goes throughthe gas 
in one direction easily, but has diffi- 
culty in traversing from the flat face 
(carbon) tothe tungsten wire point, One- 
half the wave of the AC is permitted 
to go on, but the other one-half wave 
is stopped almost completely. By using 
two tubes, both sides of the AC wave 
can be rectified into DC. The size of 
the tubes or the number of tubes de- 
termines the amount of current or 
capacity. 

Storage batteries are sometimes 
used as a source of welding current, 
either for arc or resistance welding. 
Edison cells, orlead-acidcells, may be 
connected in series, or parallel, to pro- 
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Fig. 6-16. Combination AC-DC arc welder with inert 


gas welding facilities built in. 


duce high current flow at safe po- 
tentials, The size and weight of the 
complete apparatus, and the matter of 
maintaining and of recharging the bat- 
teries periodically are drawbacks to 
the extensive use of this type welding 
equipment, 


6-10. LEADS, COPPER 


Large diameter, superflexible leads 
(cables) are used to carry the current 
from the welding machine to the work 
and back. The lead from the machine 
to the work is known as the electrode 
lead, and the lead from the work to 
the machine is known as the work 
(ground) lead. These leads are well 
insulated with rubber and a woven, 
fabric-reinforcing layer, as shown in 
Fig. 6-17, The leads are usually sub- 
jected to considerable wear and should 
be checked periodically for breaks in 
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RUBBER 
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Fig. 6-17. Above. Welding lead. Note the heavy ribbed 

outer rubber covering. Below. The hundreds of indi- 

vidual wires used to form the complete lead (cable). 

This construction produces the flexibility needed in 
these leads. (Lincoln Electric Co.) 


Leads are produced in several sizes. 
The smaller the number, the larger 
the diameter of the lead. See Fig. 6-18. 
The lead must be flexible in order to 
reduce the strain on the arc welder's 
hand as he welds, and also to permit 
easy installation of the cable. To pro- 
duce this flexibility, as many as 900 
to 2500 fine wires are used in each 
cable. 

The length of the lead cables has 
considerable effect on the size to be 
used for certain capacity machines. 
Fig, 6-18 shows some arc welding 
lead recommendations. 

The wiring to the motor, in case a 
motor-driven generator is used, must 
conform to local, state and national 
electrical codes. 


6-11. LEADS, ALUMINUM 


Electrode and work leads (cables) 
until recently were made only of flex- 
ible copper cable. Aluminum is now al- 
so available for this purpose. Even 
though the next size larger cable should 
be used, for equal current carrying 


LENGTH IN FEET 


LEAD NO. LEAD DIA. 0-50 FT. 50-100 FT. 100-250 FT. 

CURRENT CAPACITY*AMPERES 

4/0 257 600 600 400 

3/0 .827 500 400 300 

2/0 .754 400 350 300 

1/0 .720 300 300 200 

1 .644 250 200 175 

2 .604 200 195 150 

3 .568 150 150 100 

4 won 125 100 75 


* Lengths given are for the total combined length of the electrode and 


work leads. 


Fig. 6-18. Arc Welding Lead Recommendations: The voltage drop in 
these copper leads will be approximately 4 volts with all connections 
clean and tight. 


the insulation, The potential carried 
by the leads is not excessive, varying 
between approximately 14 and 80 volts. 


capacity if long runs are used, the 
aluminum lead is considerably lighter 
than the copper lead, Each individual 
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wire in the standard aluminum lead is 
slightly larger than in the copper lead, 
For example, aluminum AWG 1 lead 
uses 840 wires, and each wire is #30 
B&S gauge. Basically, the aluminum 
wire is only one-third the weight ofthe 
same size copper. Its current-carrying 
capacity is 61 percent as good as cop- 
per. With the proper insulation on the 
cable, the aluminum cable weighs about 
one-half that ofthe copper cable. Alum- 
inum lead is made from pure electro- 
lytic aluminum and is semiannealed, 


6-12. CONNECTIONS FOR LEADS 


To consistently carry the heavy cur- 
rents used in welding, all parts of the 
welding circuit must be of heavy-duty 
construction and all connections of 
heavy-duty design. 

The copper or aluminum leads are 
fastened to the various devices by 
means of lugs and are soldered or 
mechanically attached to the leads, as 
shown in Fig. 6-19. The lugs provide 


Fig. 6-19. Lugs for welding leads. The three sizes 
will fit cables from No. 6 to 4/0. They may be con- 
nected to the lead by soldering or mechanical crimping. 


a firm means of attaching the leads to 
the welder terminals and to the ground 
(work lead) terminals. These connec- 
tions must be durable and must have 
low resistance or the joint will over- 
heat during welding and also result in 
unsatisfactory current flow. Connec- 
tions are also available for connecting 
one lead to another, as shown in Fig. 
6-20, 


Some of the processes used are: 

1, Mechanical. 

2. Soldering. 

3. Brazing. 

4, Welding, 

In the case of aluminum cables, it is 
claimed that it is best to clamp the 
aluminum to the electrode holder and 
to the other terminals. However, the 
lead (cable) can be successfully alumi- 
num brazed to either aluminum con- 
nections or copper connections, It is 
recommended that twisting or torsion 
on the lead, especially at the con- 
nections, be avoided as the lead will 
tend to separate from its terminals, 
if this is done. Mechanical connections 
must be tight and clean. 

Soldered connections must be done 
skillfully or only a portion of the 
electrical flow area will be connected. 

Silver brazing must also be done by 
an experienced person toinsure enough 
electrical flow area, 

Another method of connecting copper 
welding cables is the copper welding of 
the cable ends to lugs or to eachother, 

The process used is a method of 
welding copper in which no outside 
source of heat is required. Powdered 
copper oxide and powdered aluminum 
are placed in a small graphite crucible 


CONNECTION 
FOR SPLICING 
TWO LEA 


Fig. 6-20. Welding lead connections. The connec- 
tions are made mechanically in this type connection 
by striking the malleable punch area with a hammer. 
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Fig. 6-21. Tools needed to make a fused copper cable splice or a cable to lug weld. The cable is clamped in 
the graphite mold. The charge and ignitor are placed in the top of the mold and the charge is ignited. Melting 
of the charge and the weld which results is similar to the reaction in thermit welding. 

(Erico Products, Inc.) 


and ignited by means of a spark. The 
process is exothermic (gives off heat). 
The rapid oxidation of the powder 
creates enough heat to meltthe copper, 
and to melt the ends of the leads and 
connectors, thus producing a sound 
weld. The molten copper flows over 
the cable ends in the graphite mold; 
the cable ends become molten, and in 
a few seconds are securely welded to- 
gether in a solid copper nugget, as 
shown in Fig. 6-21. 

The cable is prepared by stripping 
approximately one inch of insulation 
from each end to be joined. Both ends 
are then placed in the welder, butted 
together under the center of the tap 
hole, and locked by the clamp-type 
crucible. The flint spark gun ignites 
the mixture; and in about ten seconds, 


WELD MATERIAL 
AND OXIDIZER 


Xpress 


Fig. 6-22. Welding lead parts being joined by means 
of thermit type welding process. 
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the weld is completed. The same pro- 
cedure and equipment may be used to 
attach terminal lugs, as shown in Fig. 
6-22, 

The preparation of the cable prior 
to welding and two examples of finished 
cable welds are shown in Fig, 6-23. 


Fig. 6-23. Fused copper lead splice (B) and a lead 

to lug joint (C). The lead is prepared by removing in- 

sulation, and wrapping a thin band of copper around 

the strands to keep them in place during the thermit 
welding operation (A). 


6-13. GROUND ATTACHMENTS 


Good ground connections are im- 
portant when welding with either AC 
or DC. Occasionally the work lead is 
permanently fastened to the welding 
bench or table by bolting or welding. 
This practice is practical when small 
pieces are positioned on a table, 

Frequently, however, the ground 
cable must be fastened to the article 
being welded, due to its size or lo- 
cation, Clamping, bolting, or welding 
the work lead to the piece is still 
practiced on this type of job, see 
Fig. 6-24. It is sometimes difficult to 
use a clamping device on a metalfabri- 
cation, Use clamps carefully on finished 
surfaces to avoid marring the surface. 
A magnetic ground is available which 


permits quickly fastening of the work 
lead to the work to be welded. This 
makes it easy to change the position of 
the ground to obtain better arc charac- 
teristics, and does not injure or mar 
the article to be welded. The work 
lead is either soldered or mechanically 
fastened to this permanent magnet 
grounding device, and the operator 
easily positions it on any ferrous sur- 
face. The magnets are replaceable and 
are quite powerful, 


6-14. ELECTRODE HOLDERS 


The electrode holder is the part of 
the arc welding equipment held by the 
operator when welding. It is used to 
hold metallic or carbon electrodes, 
Many different styles and models have 
been produced, but they all have similar 
characteristics, The electrode lead is 
fastened to the electrode holder either 
inside of the handle or to a lug. The 
most common arrangement is toattach 
the lead to a metal connection inside 
the handle. The handle itself is made of 
an insulating material which has high 
heat andelectrical resistance qualities, 
Electrode holders are built to produce 
a balanced feeling when held in the 
operator's hand, with the cable draped 
over the operator's arm, and with the 
average length of the metallic electrode 
in the holder. 

Two means are commonly used to 
clamp the electrode in the holder, One 
is of pincher construction and has a 


Fig. 6-24. A spring-loaded ground clamp for the work 
lead. (Lenco, Inc.) 
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coil spring to produce the necessary 
pressure to obtain a good contact be- 
tween the holder and the electrode, see 
Fig. 6-25. The other uses a cantilever 
spring, as shown in Fig. 6-26, There 


REPLACEABLE 


MECHANICAL CABLE CONNECTION 


brush. The electrode clamps should 
also be kept clean by usinga file, sand- 
paper, or other suitable means. When 
lightly coated or covered electrodes 
are used, it 


is necessary that the 


Fig. 6-25. Electrode holder which uses a coil spring for clamping pressure. 
(Fibre Metal Products) 


PREADING 
EVER 


OPENING 


Fig. 6-26. Electrode holder with special insulation. The jaws are made of a spe- 
cial copper alloy. The electrode lead may be soldered or clamped to the holder. 
The holder uses a cantilever spring design to clamp the electrode in the jaws. 
(Duro Engineering Co.) 


are two pieces of spring-like metal 
extending from the electrode handle 
and equipped with notches. The oper- 
ator slides the electrode between the 
two pieces of metal and the electrode 
is firmly clamped in place. 

It is advisable to clean the electrode 
at the point where it is tobe connected. 
This may be done by using a clean wire 


covering material be scraped off the 
electrode at its point of contact with 
the electrode holder, 

When welding heavy work the elec- 
trode holders are sometimes equipped 
with shields, i.e., a small heat-re- 
sisting plate to prevent the radiation of 
heat from the work directly onto the 
operator's hand, Another way of in- 
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Fig. 6-27. Storing electrodes. Each bin is marked with 
AWS number and electrode diameter. 


creasing the operator's comfort is to 
water-cool the handle of the electrode 
holder, This is done by circulating 
water through the handle by means of 
flexible rubber hose. Water-cooled 
holders are popular on carbon arc 
welders. 


6-15. METALLIC ELECTRODES 


Metallic electrodes of many types 
are available. One of the more common 
ways to classify electrodes is by the 
covering (coating) on the electrode. 
This includes: 

1. Bare electrodes, 

2. Dusted electrodes, 

3. Flux-dipped electrodes, 

4. Extruded electrodes and cover- 
ings. 

Of these types, the electrode with an 
extruded or flux-dipped covering is 
most popular. The bare electrode is 
the least expensive, A slightly more 
expensive electrode is dust-coated with 
a flux to help reduce the oxidizing action 
of the arc. For such welding appli- 
cations as high-temperature steels, 


tool steels, molybdenum steels, and for 
especially strong, mild-steel welds, 
covered (heavily coated) electrodes 
should be used. Specialelectrodes have 
been developed for each kind of ma- 
terial and type of weld, Fig, 6-27, 
shows a bin used to store the variety 
of electrodes used in atypical job shop. 

Some covered electrodes are coated 
by dipping them in a liquid flux solution 
to produce a coating of sufficient thick- 
ness, The flux may also be applied toa 
covered electrode while the wire is 
being extruded (forced through a form- 
ing die). When a thick covering of 
special material or fluxes is required 
on an electrode as in hard surfacing 
applications, the coating is usually 
applied by dipping or extruding, 

Most of the mild steel electrodes 
are physically similar in their speci- 
fications with the exception of the flux 
used, 

The common electrode wire sizes 
are: 1/8, 5/82, 3/26; 1785001 /3,00y 16, 
and 3/8 in. diameter. These rods come 
in lengths of 14 in. for all sizes and 
may also be obtained in 18-in, lengths 
in some sizes. 

Electrodes are usually packed in 50 
lb. packages. 

The most commonly used electrodes 
are made of mild steel, but electrodes 
of many metalalloys may be purchased, 
including: 

1. Mild steel, 
2. Low alloy steel. 
3. Nickel steel, 
4. Chrome- moly steel, 
9. Manganese-moly steel, 
6. Nickel- manganese-moly steel, 
7. Nickel-moly-vanadium steel, 
8. Aluminum, 
9. Copper-aluminum 
bronze). 
10. Lead-bronze, 
11. Phosphor bronze. 


(aluminum 
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6-16. BARE ELECTRODES 


Steel wire electrodes without any 
coating or covering are still used for 
some welding operations. It is more 
difficult to produce a satisfactory weld 
using a bare electrode. However, they 
are still used especially in places 
where post-cleaning is difficult. A 
competent welder can produce satis- 
factory welds with them, but the 
strength and durability of the joint is 
less than that produced with covered 
electrodes. 

In coil form bare electrodes are 
used with inert gases, 

The welding process is known as 
Inert Gas Metal Arc Welding (MIG) 
(See CHAPTERS 11 and 12), 

Bare electrodes usually have the 
following chemical composition: 


Carbon JUS $0.13 % 
Manganese  .30 to.40 % 
Phosphorus .012 to .018% 
Silicon maximum .03 to.30% 
Sulphur .026 to .028% 


6-17. ELECTRODE COVERING 
FUNDAMENTALS 


The basic function of the covering 
(coating) on electrodes is as follows: 
During the arc process the covering 
changes to neutral or reducing gases 
such as carbon monoxide, or hydrogen 
(CO or Hg), These gases, as they sur- 
round the arc proper, prevent airfrom 
coming incontact with the molten metal, 
and thus prevent oxygen from the air 
which may approach the molten metal, 
from combining with it, However, this 
action usually does not protect the hot 
metal after the arc leaves that point. 
The flux on covered electrodes, there- 
fore, also, requires a chemical com- 
pound which; in addition to providing 
a neutral or reducing shield around 


the arc, also contains special in- 
gredients which promote fusion and 
tend to remove impurities from the 
molten metal. 

Flux which forms the covering on 
an electrode commonly consists of 
asbestos, feldspar, mica, steatite, ti- 
tanium dioxide, calcium carbonate, 
magnesium carbonate and various 
aluminas, The neutral or reducing gas- 
producers are: Carbon hydrates such 
as paper, cotton, wood flour, cellulose, 
starch, and dextrin. Some specialelec- 
trodes have metallic salts included in 
the covering to produce the correct 
alloy metal in the weld. 

In addition to the action of the flux 
in the arc proper and with the molten 
metal, the residue forms a coating of 
material over the weld after solidifi- 
cation, which prevents the air from 
contacting the still hot metal. This 
coating over the bead is called slag. A 
good flux-covered electrode can pro- 
duce a weld that is similar in appear- 
ance to the oxyacetylene weld, and 


-— o am 
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CONTROL 


Fig. 6-28. Electrode drying oven. 
(Dispatch Oven Co.) 
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(AWS-ASTM) NUMBERS POSITION 

E2520 all 

E 6010 all 
6011 all 
6012 all 
6013 all 
6020 H (Fillets) 

F 
6027 (iron powder) H (Fillets) 
F 
E 7010-X all 
7011-X all 
7014—X all 
7015-X all 
7016-X (low hydrogen) all 
7018—X (low hydrogen) all 
7020- X H (Fillets) 
F 

7024—X (iron powder) H (Fillets) 
E 

7027—X (iron powder) H (Fillets) 
F 

7028-X H (Fillets) 
F 

E  8010-X all 
8011—X all 
8013-X all 
8015-X al! 
8016—X (low hydrogen) all 
8018-X (iron powder) all 

E 9010-X all 
9011-X all 
9013-X all 
9015-X all 
9016—X (low hydrogen) all 
9018=X (iron powder) al! 

E 10010-X all 
10011-X all 
10013-X all 
10015-X all 
10016—X (low hydrogen) all 
10018—X (iron powder) all 

E 11015-X (low hydrogen) al! 
11016-X all 
11018-X (iron powder) all 

E 12015-X all 
12016—X (low hydrogen) all 
12018-X (iron powder) all 


USE TYPE CURRENT USED 
DCSP 

DCRP 

DCRP or AC 

DCSP or AC 

DCSP, DCRP or AC 
DCSP or AC 

DCSP, DCRP or AC 
DCSP or AC 

DCSP, DCRP or AC 


Penetration 
Penetration» 
Production 

Sheet Metal and Fillets 


DCRP or AC 
DCSP, DCRP or AC 


DCRP or AC 
DCRP or AC 
DCSP or AC 
DCSP, DCRP or AC 


Chrome—Moly Steel 


DCSP, DCRP or AC 
DCSP or AC 
DCSP, DCRP or AC 


DCRP or AC 
Chrome—Moly Steel 
Chrome-Moly Steel DCRP or AC 


DCSP, DCRP or AC 


DCRP or AC 
DCRP or AC 


Nickel Alloy 


Chrome—Moly Steel 
Chrome—Moly Steel DCRP or AC 


DCSP, DCRP or AC 


DCRP or AC 

DCRP or AC 
Chrome-Moly Steel 

DCRP or AC 

DCSP, DCRP or AC 


DCRP or AC 
DCRP or AC 


Nickel Alloy 
DCRP or AC 
DCRP or AC 


DCRP or AC 
DCRP or AC 


Nickel Alloy 


NOTE: The suffix X stands for A, By, B», etc., and designates weld metal chemical composition. 


Fig. 6-29. Various AWS-ASTM electrode classifications and recommended positions, applications, 
and polarity to use for each. 


which has excellent chemical and phys- 
ical properties. 

Since dampness destroys the effec- 
tiveness of most electrode coverings, 
electrodes are often stored in a spe- 
cially built drying oven as shown in 
Fig. 6-28. 

Covered electrodes must be handled 
carefully to prevent breaking or crack- 
ing the coverings. An electrode carrier 
may be used to minimize the chance of 
damage to the electrodes, Such a car- 
rier may also be used to carry small 
tools. 


6-18. ELECTRODE CLASSIFICATION 


There are a large variety of weld- 
ing electrodes on the market, They 


vary considerably in type of metal, 
and type or composition of the covering. 

The American Welding Society has 
developed a series of identifying num- 
ber classifications, which have been 
approved by the American Society for 
Testing Materials.See Figs. 6-29,6-30, 
and 6-31. 

The letter E preceding the four or 
five digit number (E----) indicates an 
electrode. This letter E is for arc 
welding. This is contrasted with the 
letter G which indicates a welding rod 
used when gas welding. The first two 
or three digits of the four or five digit 
number (E60--) or (E100--) represents 
the tensile strength when the weld is 
stress relieved, i.e., 60 means 60,000 
psi and 100 means 100,000 psi. The 
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BARE ELECTRODE AWS NUMBER AS AN 


ALTERNATE TO 


SPOT COLOR COLOR CODING 


SPOT COLOR 
END COLOR 


COVERED ELECTRODE 


CENTER GRIP, COVERED 


AWS NUMBER AS AN 
ALTERNATE TO 
COLOR CODING 


ELECTRODE 


GROUP COLOR 


Fig. 6-30. AWS/ASTM markings used on the grip-end of metallic electrodes. In place of color coding, some 
companies place the AWS electrode number on the covering near the grip-end of the electrode. 


second digit from the right indicates the 
position of the joint the electrode is de- 
signed to weld, For example, XXIX. 
This electrode will weld in all posi- 
tions XX2X electrodes will weld butt 
and fillet joints in the flat or horizon- 
tal position, XX3X is recommended for 
flat position welds only. 

The right hand digit indicates the 
power supply, type of covering, type 
of arc penetration, and presence of 
iron powder. 

The covering classification which is 
somewhat complicated, is described in 
PAR. 6-19, The welding position in 
which an electrode can be used is in- 
fluenced by the covering ingredients. 

Occasionally if the alloying elements 
of anelectrode metal are altered slight- 
ly, a dash number is used to show the 
change from the normal alloying per- 
centages. An example of this designa- 


tion is E8018-Cl. 
The E-XX15 and E-XX16 are low hy- 


drogen electrodes (alime-ferritic cov- 
ering) and also E-60XX type electrodes. 
Electrodes XXX4, XXX", and XXX8 are 
known as iron powder electrodes. 

The (E-70XX) to (E-100XX) numbers 
are alloy electrodes. In using such 
electrodes, the manufacturer's recom- 
mendations must be carefully followed. 


Another example is the E-8018-Cl 
electrode. This electrode has a stress 
relieved tensile strength of 80,000 lbs. 
per sq. in. (80-XX-C1). It may be used 
in all positions (E-XX1X-C10). The 
covering is 25-40 percent iron powder 
in combination with low hydrogen in- 
gredients (E-XXX8-Cl1). Because ofa 
slight change in the nickel content of 
the electrode from other E-8018 elec- 
trodes, the number is followed by Cl. 
See Fig. 6-29 for a table of electrodes 
and how these electrodes are used. The 
electrode is marked in two ways, each 
of which will enable the operator to 
identify it. 

Fig. 6-30 indicates how metallic arc 
welding electrodes are color marked. 
For identification, the electrode may 
be marked in three places. These 
marks are in the form of painted color 
spots, or bands, at the end of the elec- 
trode which is clamped inthe electrode 
holder. 

When all three identifying marks 
are used, the electrode would have a 
color painted on the end, on the grip 
area and on the flux covering near the 
grip end of the electrode. 

Examples of the meanings of these 
numbers are as follows: E-6010 has 
a stress relieved tensile strength of 
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60,000 lbs. per sq. in, (E-60XX). All 
of the E-60XX electrodes have the 
same steel composition, They may be 
used in all positions (E-XX1X) and 
have organic covering (E-XXX0). This 
type of electrode has deep penetration 
properties, but will undercut easily. 
The E-6011 is similar to 6010, but 
the (E-XXX1) designation means the 
covering has an arc stabilizer included, 


ELECTRODE END SPOT GROUP 

CLASSIFICATION COLOR COLOR COLOR 
E 6010 ---- ---- ---- 
6011 ---- Blue ---- 
6012 ---- White Sean 
6013 ---- Brown ---- 
6020 ---- Green ---- 
7010-A1 Blue White ---- 
7011-A1 Blue Yellow ---- 
7016 Blue Orange Green 
7018 Black Orange Green 
7020-A1 Blue Yellow Silver 
8015-B1 White Brown Green 
8016-B1 White Black Green 
9016-B3 Brown Blue Green 
10013 Green Brown Silver 
10015 Red Red Green 
10016 Green Orange Green 
12016 Orange Orange Green 


Fig. 6-31. Table showing the color coding used on 
grip-end of metallic electrodes. 


and the electrode can, therefore, be 
used with AC. The organic covering 
contains at least 30 percent cellulose 
material. Calcium and/or potassium 
compounds are the arc stabilizers in 
most E-6011 electrodes. 

The E-6012 electrode produces nice 
looking beads in the flat position, It is 
popular for poorly fitted joints and is 
fast (the coating can stand more cur- 
rent without failure). The penetration 
is average. This popular electrode is 
good for the higher carbon steels and 
has very little splatter, It has titania 
or rutile composition coverings 
(E-XXX2). 


The E-6013 electrode is used for 
sheet metal work. The arc is easily 
maintained (as the E-XXX3 indicates 
there are ionizing agents in the cover- 
ing). The deposited slag peels away, 
and some operators call this electrode 
the self-cleaning type. Electrodes 
which have this feature are sometimes 
called E-6013B electrodes. The 
E-6013B has a very fluid puddle and is 
used extensively for fillet welding. 

Fig. 6-31, is a table showing the 
markings used on various types of 
electrodes. The combination of the 
end and spot color identifies the com- 
position of the electrode metal, while 
the group color indicates the type of 
current recommended, 

Many electrode manufacturing com- 
panies print the AWS electrode identi- 
fication number on the covering of the 
electrode. The number is stamped on 
the covering in a position as close as 
possible to the bare portion of the elec- 
trode. This method of identification 
eliminates the need to learn the color 
code. 


6-19. ELECTRODE COVERING 
ANALYSIS 


The AWS and ASTM classifications 
indicate the main types of metals and 
coverings. The metals are similar in 
composition for each classification 
number, but each manufacturer has 
his own particular compounds for the 
coverings, and therefore, very few of 
the electrodes behave exactly the same 
even though the classification number 
may be identical, 

Some of the more common covering 
materials are listed as follows: cellu- 
lose, potassium salts, magnesium and 
aluminum silicates, ferromanganese, 
sodium silicates, titania, rutile, iron 


powder, alumina, magnesia, sodium 
oxide. 
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COVERING COMPOSITIONS 


APPLICATION (USE) 


EET High cellulose with some titanium di- Forms a light slag, and forms a carbon monoxide 
oxide (Ti O5) magnesium or aluminum gas which produces a reducing atmosphere around 
silicate, Ferromanganese deoxidizer. the arc. It eliminates oxidation. It is used on all 
mild steel applications (General Welding). Use 
DGRIP: 
1 Same as ''0'* with arc stabilizer in- Same as (0) above except it can be used on DCRP 
E-6011 cluded (potassium salt). OMmAG. 
2 Covering of titania or rutile (sodium) It has very little splatter; it is easy to handle the 
E—6012 plus ferromanganese and other mate- puddle and to fill gaps. Use DCSP or AC. 
rials. 
3 Same as ''2"*, but covering contains It is good for low voltage, low current applications. 
E-6013 an ionizing agent (potassium salt). It allows a varying arc length, and makes it easy to 
maintain an arc, It is particularly useful with small 
electrodes used in connection with small capacity 
AC transformer type welders. It is particularly suit- 
able for many farm applications and also for sheet 
metal work. Use DCSP or AC. 
3b Same general composition as 3 above Generally has the same characteristics as “3” 
(not an AWS with an added substance to produce above, with the added characteristics that it is 
Standord) both a more fluid slag and puddle. faster. It will penetrate and fill gaps better. Since 


4 This number is little used. 


the puddle is more fluid, the welds, should be made 
in the horizontal position, and the beads will be 
low and flat, Use DCSP or AC. 


Fig. 6-32. Electrode covering compositions and applications. 


Some of the popular electrode cover- 
ings have approximately the following 
compositions: 

E6010 TiO9 (anatese or rutile). 

E6011 TiOg (anatese or rutile) and 
calcium carbonate. 

E6013 TiOg (rutile) and quartz. 

E6020 (F203) ferric oxide and 
quartz. 

E7015 CaCOg (calcium carbonate), 
(CaF9) calcium fluoride and TiO 
(rutile). 


RIGHT HAND DIGIT 


COVERING COMPOSITIONS 


See Fig. 6-32, for a more complete 
analysis of coverings and covering 
properties. 


6-20. LOW HYDROGEN ELECTRODES 


Hydrogen has harmful effects on 
alloy steels, causing intergranular 
cracks called hydrogen embrittlement 
thus lowering fatigue resistance and 
strength. 

Low hydrogen electrodes deposit a 


APPLICATION (USE) 


5 Low hydrogen sodium type. This is a low hydrogen electrode for welding low 

E-7015 carbon, alloy steels. Power shovels and other earth 
moving machinery require this rod. The weld ma- 
chines or files easily. Use DC, RP only. 

6 Same as ''5'' but with potassium salts It has the same general application as (5) above 
E-7016 used for arc stabilizing. except it can be used on either DC, RP or AC. 
E-7027 High iron oxide (Low Hydrogen) Flat For low carbon alloy steels, use DC or AC. 

and horizontal fillet weld position. 
E~7028 Iron powder (Low Hydrogen) Flat For low carbon alloy steels, use DC or AC. 
position only. 

A Iron powder plus low hydrogen sodium Similar to (5) and (6) DC, RP or AC. Heavy 
E-8018 covering. covering allows the use of high speed drag 


welding. AC or DC RP may be used. 


Fig. 6-33. Low hydrogen electrode covering Compositions and Applications. These coverings will withstand 
a high temperature and therefore high currents (amperages) may be used. 
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minimum of hydrogen in the weldment, 
The low hydrogen condition is obtained 
by using a special covering or (E---8). 
Lime coverings and titania and iron 
powder coverings are used. The elec- 
trode conforms to AWSE-6016, E-7016, 
and E-7018 specifications and is used 
on hard-to-weld steels (free machin- 
ing), high carbon, low alloy, and hard- 
enable steels. The slag is very fluid, 
but good flat or convex beads are 
easily obtained, Fig. 6-33, shows the 
composition of some low hydrogen 
electrode coverings. 

These special coverings contain 
practically no organic material, and 
the baking cycle near 600 deg, F. during 
welding eliminates free moisture. 
These electrodes may best be used as 
shown in Fig. 6-34. 


should be baked at 250 deg. F. before 
using. If they have been exposed to 
the atmosphere for an appreciable 
period, this baking will remove any 
moisture which may be in the coating. 
Never exceed a 1/2 in. motion, and 
practice considerable care during ver- 
tical and overhead passes to avoid 
molten metal flow, 


6-21. ELECTRODES (IRON POWDER) 


The addition of iron powder to the 
covering of shielded arc electrodes 
has produced electrodes that can use 
higher ampere settings and therefore 
produce faster welds. The E-7018 
electrode has an iron powder in the 
covering. 


CURRENT SETTINGS FOR LOW HYDROGEN ELECTRODES 


AMPS. VOL T. 
ELECTRODE DIAMETER AMPS. FLAT AND OVERHEAD VOLTS 
1/8 140-150 120-140 22-26 
5/32 170-190 160-180 22-26 
3/16 190-250 200-220 22-26 
7492 260-320 24-27 
1/4 280-350 24-27 
5/16 360-450 26-29 


Fig. 6-34. Recommended arc machine settings when using ferritic (Low 
Hydrogen) electrodes in flat, vertical, and overhead positions. 


The deposited metal has excellent 
tensile and ductile qualities and is 
exceptionally clean as may be seen by 


The arc obtained is smooth and 
steady. One may use about 25 percent 
more current with the 30 percent iron 


AS WELDED STRESS RELIEVED 
Yield 67,000-72,000 PSI — 65,000-70,000 PSI 
Tensile 79,000-85,000 PSI 77,000-83,000 PSI 
Elongation in 2 in. 20-26% 24-30% 
Reduction of Area 35-50% 55-68% 


Fig. 6-35. Typical properties of fer- 
ritic electrode arc welded joints. 


X-ray inspection, Fig. 6-35, illustrates 
the physical properties of ferretic 
electrode welds. 

The electrode may be used with 
either AC or DC RP. The electrodes 


powder electrode covering, and as 
much as 50 percent more current with 
the 50 percent iron powder electrode 
covering. 

The 30 percent iron powder covering 
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is called a lime-type covering. The 
50 percent iron powder is called a 
titania-type covering. This classifi- 
cation is based on the following defi- 
nition: if the covering contains less 
than 8 percent TiO it is known as a 
titania electrode; and if the covering 
contains between 8 percent and 16 per- 
cent TiOg it is known as a lime- 
titania electrode. 

The weld puddle is so fluid when the 
90 percent iron powder covering is 
used, that this electrode is recom- 
mended for downhand (or flat position) 
welding only. 


ELECTRODE WELDING CURRENT 
DIAMETER 
INCHES MIN. MAX. 
1/8 0 35 
3/16 29 60 
1/4 50 90 
5/16 80 125 
3/8 110 165 
7/16 140 210 
ilies 170 260 
5/8 230 370 
3/4 290 490 
7/8 350 615 
] 400 750 


Fig. 6-36. Carbon electrode current requirements. 


6-22. CARBON ELECTRODES 


Carbon electrodes are used for car- 
bon are welding and carbonarc cutting. 
These electrodes come in sizes ranging 
from 1/16 up to 1-in, diameter, Rods 
may be obtained in 12, 18 and 24-in. 
lengths. The quality of the rod must be 
extremely high, as the structure of the 
carbon must be uniform, The two 
types of electrodes obtainable are the 
carbon electrode and the graphite elec- 
trode. The graphite has better con- 
ductivity and is usually of more uni- 
form quality. 

The rod should be inserted in the 
holder with the end, or the point, of 


the carbon approximately 10 times the 
diameter of the rod away from the 
electrode holder. For example, a 1/2- 
in, rod will have its end not over 5 in. 
away from the holder. As the rod is 
being used, it tends to slowly burn 
back toward the holder, The rod should 
be pointed with the taper of the point 
approximately 6 to 8 times the diam- 
eter of the electrode, as shown in 
Fig, 5-35, Currents required for dif- 
ferent sizes of electrodes are shown 
in Fig. 6-36. 

More information on carbon elec- 
trodes will be found in PAR, 9-3, 


MAXIMUM 
CURRENT DENSITY 
AMPS. PER SQ. IN. 


2890 
2200 
1855 
1650 
1510 
1420 
1340 
1220 
1125 
1035 

965 


POUNDS 
PER HOUR 
DEPOSITED 


ME PR NO 
2 52 Gu 7 


(National Carbon Co.) 


6-23. ELECTRODE CARE 


It is important that the user follow 
the electrode manufacturer's recom- 
mendations as to ampere settings, base 
metal preparation, welding technique, 
welding position, and the like. Elec- 
trodes must not be used after being 
exposed to dampness because the steam 
generated by the heat of the arc will 
cause the covering to be "blown" away, 
and also cause hydrogen inclusions. 
Questionable electrodes should be 
"baked'" at 250 deg. F. for several 
hours. Because of the similarity of 
appearance of electrodes that are much 
different in welding properties, it is 
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important to label and store them in 
carefully marked bins. Use masking 
tape to bind electrodes and label care- 
fully when putting them in storage. 
Electrodes are costly, and loss of 
identification may mean loss in time 
and money. 

If an electrode is used beyond its 
ampere rating, the electrode will over- 
heat; and the covering will crack, thus 
spoiling the rod, The excess current 
will also cause considerable splatter- 
ing of the molten metal. 

Electrode coverings vary consider- 
ably but their main function is to pre- 
vent the atmosphere from reaching the 
hot liquid metal. The coverings may 
also contribute certain elements 
(metallic) to the alloy metal deposits. 


6-24. ARC WELDER REMOTE 
CONTROLS 


When an operator works on a multi- 
tude of joints or a variety of joints and 
metals, necessitating changes in cur- 
rent, polarity and electrodes, welding 
machine adjustments are usually 
required, 

To eliminate the time required to 
travel back and forth to the welding 
machine, several manufacturers pro- 
vide remote control devices which may 
be kept near the operator for con- 
venient control of the machine. 

The small portable remote control 
panel shown in Fig, 6-37, provides for 
voltage and current adjustment, plus a 
switch to allow remote hand or foot 
switch current control. Using a panel 
of this type, the operator may climb 
into a restricted place, turn on the 
machine, and adjust it to any polarity 
and practically any current setting 
without returning to the machine. The 
saving in time is important, and better 
quality welds are produced because 
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Fig. 6-37. Remote control panel. This type of control 
panel provides adjustment of arc voltage and current, 
and the machine may be turned on and off. In addition, 
u foot control may be used to control the current (am- 
perage) from the machine. This control may be mounted 
on the machine or near the operator. 
(Vickers, Inc.) 


the machine is more accurately ad- 


justed to the job requirements at all 
times. 

A foot switch, Fig. 6-38, is used for 
fine adjustment. 


The machine is set 


Fig. 6-38. Foot operated remote control for changing 
machine settings. 
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for a certain range of power, then the 
foot switch provides variations within 
that range. 


6-25. CLEANING EQUIPMENT 


It is very important that metals to 
be welded are clean, It is difficult to 
weld dirty or corroded surfaces, and 
if attempted, the resulting welds will 
normally be of poor quality. Many 
types of equipment and tools have been 
developed for the purpose of cleaning 
joints and welds. Cleaning may be done 
by using sand-blasting machinery, ro- 
tary wire wheels, and tools such as 
chipping chisels, hammers, and wire 
brushes. Nonferrous metals may be 
chemically cleaned, especially in pro- 
duction welding situations, The amount 
and size of the welding done usually 
determines the kind of cleaning appa- 
ratus needed, Fig. 6-39, 


Fig. 6-39. Combination wire brush and chipping 
hammer. (Atlas) 


Slag which covers the finished weld 
must be removed before the next weld 
bead is laid, to prevent inclusions in 
the finished weld. The slag on the final 
bead must also be removed before the 
weld can be inspected or painted, This 
coating may be removed by a rotary 
wire wheel, or by tapping the scale 
with a chipping hammer. In either case 
suitable eye protection must be 
provided. 


The chipping hammer usually is 
double ended. One end is shaped like a 
chisel for general chipping and the 
other end is shaped like a pick, for 
reaching into corners, and the like, as 
shown in Fig, 6-40, 


Fig. 6-40. Variety of chipping hammers. Note that in 

(A) the blades are turned 90 deg. to each other. In 

(B) and (C) the chipping hammers have a blade at one 
end, and a pick at the other end. 


Fig. 6-41. Moulded helmet with large rectangular lens. 
(Fibre Metal Products Co.) 
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6-26. SHIELDS AND HELMETS 


Electric arc welding necessitates the 
use of special protective devices for 
skin surface, such as the hands, face, 
and eyes. The device used to protect 
the face andeyes may either be mounted 
and supported on the head (head shield 
or helmet) or may be held in the oper- 
ator's hand (hand shield), Fig. 6-41 
shows a helmet with an extra large lens 
for obtaining maximum visibility. To 
prevent spatter from being embedded 
in the shield, special materials are used 
to coat the front of the shield as shown 
in Fig. 6-42. The face shield is usually 
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Fig. 6-42. Helmet with a spatter guard. 


made of fiber and formed in a shape 
which covers the front half of the 
head. Fig. 6-43 illustrates a typical 
hand shield. An aperture or opening at 
the level of the eyes provides visibility. 
This aperture is approximately 4-1/4 
x2 in., and is provided with at least 
two glass lenses. The outer lens, which 
is of double-strength glass, is used to 
protect the inner and more expensive 
welding lens from metal spatter and 


Fig. 6-43. Arc welding hand shield used for welding, 


inspection work, and instructional purposes. 


SHADE 
NO. 
Shielded Metal Arc Welding 
(ferrous) (covered eledtrodes) 
1/16 — 5/32 in. electrodes 10 
3/16 — 1/4 in. electrodes 12 
5/16 — 3/8 in. electrodes 14 
Gas-Shielded Arc Welding 
(nonferrous) 
1/16 — 5/32 in. electrodes Wl 
Gas-Shielded Arc Welding 
(ferrous) 
1/16 — 5/32 in. electrodes 12 
Atomic Hydrogen Welding 10 to 14 
Carbon Arc Welding 14 


Fig. 6-44. Suggested lens shade numbers for various 
arc welding applications. 


abuse. Many operators also put another 
clear lens on the face side of the hel- 
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met to protect the colored lens from 
that side. The clear lenses are made 
of thin plate glass or plastic. Fig. 6-44 
shows recommended shade numbers 
for arc welding. 

A good grade of colored arc welding 
filter lens will remove approximately 
99.5 percent of the infrared rays and 
99,75 percent of the ultraviolet rays. 
These figures have been developed by 
U. S, Bureau of Standards. No. 10 is 
the common shade used for welding 
with covered electrodes. Use Shade 
No. 14 for carbon arc welding and No. 
12 for gas shielded arc welding. How- 
ever, other shade numbers may be ob- 
tained and used, following the manu- 
facturer's recommendations. The high- 
er the shade number, the lower the 
transmission of infrared or ultraviolet 
rays. 

Ultraviolet rays in excess may cause 
eye pain for 8 to 18 hours after ex- 
posure. Infrared light rays tend to 
injure the sight and every precaution 
should be taken to shield the eyes 
from them. 

Filter lenses are of such density or 
shade that the operator cannot see 
through them until the arc is struck. 

Some cover (outer lens) glass is 
especially treated and resists the ad- 
hesion of metallic particles to its 
surface. Spring clips are generally 
used to provide a snug fitting of the 
helmet. Head bands are adjustable. 

The helmet, or head shield, has a 
swing mounting which permits the for- 
ward part of the helmet to be lifted 
above the operator's face, without re- 
moving the head band from the head. 
Some welders, who work continuously, 
find that wearing a pair of ordinary 
welding goggles under the helmet helps 
to reduce eye strain (goggles eliminate 
reflected glare around the back of the 
helmet), Also available are light-weight 


goggles with a #1 or #2 filter lens, 
These goggles are called flash goggles 
and enable the operator to set up work, 
chip welds (if the lens is tempered) 
peen, etc., and still have eye pro- 
tection from flying particles and ad- 
jacent arc rays. Some helmets are 
available into which fresh air is fed 
by means of a hose to increase the 
comfort of the operator, see Fig, 6-45, 
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Fig. 6-45. Ventilated arc welding helmet. 
(Fibre Metal Products Co.) 


Special features which may be built 
into the inside of the helmet include 
volt-ammeters to help the operator 
check the machine settings, and varying 
intensity incandescent bulbs whichindi- 
cate voltage by the brightness of the 
light and help the operator check arc 
length. 


6-27. SPECIAL ARC WELDING 
CLOTHING 


While an arc weld is in progress, the 
molten flux and the metal itself some- 
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times spatter for a considerable dis- 
tance around the joint being welded. 
The operator must, therefore, protect 
himself carefully from the danger of 
being burned by these hot particles, 
Such clothing as gloves, gauntlet 
sleeves, aprons, andleggings are some- 
times necessary, depending upon the 
type of welding being performed. When 
performing welds in the overhead posi- 
tion, it is recommended that one wear 
a jacket or cape to protect the shoulders 
and arms and a cap or a special hooded 
arc helmet to protect the head and hair. 
It is recommended that all of these 
articles be made of leather (usually 
chrome leather) with the exception of 
the leggings and gloves, which are 
sometimes made of a combination of 
cloth and asbestos. 

It is further recommended that the 
operator use high-top shoes, meaning 
shoes that go over the ankle rather 
than the more common type of oxford, 
Trousers worn by the welder should 
not have cuffs, as the cuffs may catch 
burning particles as they fall, Gloves 
should be worn to cover the hands and 
thereby prevent "sunburn." 

Another recommendation is that all 
the clothing wornbe carefully inspected 
to eliminate any place where the metal 
may catch and burn, such as the open 
pockets and cuffs in the trousers, etc. 

Clothing worn, other than the gar- 
ments mentioned, should be of heavy 
material because thin clothing will per- 
mit infrared and ultraviolet rays to 
penetrate to the skin, If the skin is not 
properly protected, the operator will 
become "sunburned." Such burns, if 
they do occur, should be treated as a 
severe sunburn. If the burns are severe, 
a physician should be consulted, Easily 
ignited material such as flammable 
combs, pens, and the like should not 
be on one's person while welding. 


6-28. TEST YOUR KNOWLEDGE 


1. What is a reactance coil? 

2. What is the purpose of an exciter? 

3. What is an average size motor for 
driving a 200 amp. generator? 

4. Why must the cable be super- 
flexible? 

5. What precautions must be taken 
when attaching the welding cables? 

6. How may a work lead be connected 
to a welded structure without damaging 
the surface? 

7. Of what material are most elec- 
trode-holder handles made? 

8. Why are some electrode handles 
water-cooled? 

9. Name two types of arc-welding 
face protectors. 

10. Describe the results if the lens did 
not fit tightly into the welding helmet 
frame. 

11. What number safety lens is most 
frequently used in the arc welding 
shield? 

12, When overhead arc welding what 
special clothing should be worn? 

13. List the specifications for some 
metallic electrodes. 

14. Name the minimum and maximum 
diameters of carbon electrodes for 
average usage. 

15. Carbon electrodes are used for what 
two purposes? 

16. What is the oldest method of gener- 
ating electricity for arc welding? 

17, Why must the generator be kept 
clean? 

18. What special devices may be in- 
stalled in an arc welding shield to help 
ventilate the arc shield? 

19. When it is desired to carry 150 
amperes a round trip distance of 150 
feet, what size electrode and ground 
lead should be used? 

20. What is the purpose of a remote 
control foot switch? 
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ALTERNATING CURRENT 
ARC WELDING 


The use of alternating current (AC) 
arc welding is increasing rapidly. The 
AC machines now produced are very 
efficient and easy to handle, Also, 


electrodes have been developed for AC 
use which have ionizing compounds in 


Fig. 7-1. Sine wave form of single-phase alternating 
current. 


the coatings. The ionized arc stream 
makes it easy to strike and maintain a 
stable arc. 

Another factor which has increased 
the use of AC arc welding machines is 
the initial cost. The cost of producing 
a transformer type AC arc welder is 
generally less than the cost of either 


a motor generator machine or a recti- 
fier type DC machine of equal welding 
capacity. 

Equipment and supplies for AC arc 
welding are described in CHAPTER 8, 


7-1. CHARACTERISTICS OF 
ALTERNATING CURRENT (AC) 
ARC WELDING 


Most electric current as generated 
by the electric utility companies is 60 
cycle alternating current, With alter- 
nating current it is easy to step the 
voltage up or down (increase or de- 
crease the voltage) by the use of trans- 
formers. This alternating form of elec- 
tricity means that the current reverses 
its direction of flow 120 times per 
second, As shown in Fig. "7-1, it re- 
quires 1/60 of a second to complete a 
cycle, or the current flow completes 
60 cycles per second hence it is called 
60 cycle current, 

Most AC arc welders have trans- 
formers which step down the voltage, 
and increase the current for welding 
purposes. Fig. 7-2, shows what happens 
at the arc in one cycle of a typical AC 
transformer type arc welder: The volt- 
age at A and B is zero, then the volt- 
age builds up to a maximum in one 
direction to point C and then back to 
zero at point A. The voltage then builds 
up to maximum in the other directionto 
point D then back to zero again at point 
B. This action is repeated atthe rate of 
60 cycles per second, 
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Fig. 7-2. The sine wave curve of alternating current at 60 cycles. At points A and B the 

voltage value is zero. These two zero values which occur in each cycle (every 1/60 of a 

second) make it difficult to strike and maintain an AC arc at small current values. Because 

a certain voltage is required to overcome electron inertia in a circuit there is usually a 

small lag or lead between the EMF (voltage), and current (amperage). The EMF usually 
leads the amperage. 


Since itis the electrical voltage which 
enables the current to jump a gap and 
maintain an arc, it is necessary to re- 
duce the time that the voltage is zero, 
or to increase the ionization of material 
in the gap, as the electricity travels 
across the arc, otherwise the arc would 
be difficult to maintain. Moderncovered 


AC welding electrodes have ionizing 
agents in the coverings. This factor is 
perhaps the greatest reason for the 
rapid growth of AC welding, 

With the current reversing itself, 
theoretically the same number ofelec- 
trons would travel in one direction in 
the arc and then in the opposite direc- 
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tion as the current flow reverses, 
Therefore 50 percent of the heat isre- 
leased at the electrode end of the arc 
and the same amount at the work, In 
practice, more current travels from the 
electrode to the work than flows from 
the work to the electrode. Since the 
electrical contact area is greater on 
the work than on the electrode, current 
will flow easier from the electrode to 
the work, than it will from the work to 
the electrode (rectification principle). 
However the difference is small. 

Fig, 7-2 also shows the current flow 
as related to the potential (voltage). 
The current can be any amount depend- 
ing on the current used for the size of 
electrode selected and the welding 
process. It should be noted that the cur- 
rent lags the EMF (electromotive force) 
slightly in time because a small amount 
of time is required for the E MF to over- 
come electroninertia, Then current be- 
gins to flow in the circuit. 


7-2. ADVANTAGES OF AC 
ARC WELDING 


The distinct advantage that AC arc 
welding has is that there is virtually no 
magnetic blow. The reversalofcurrent 
flow each 1/120th of a second keeps 
the effect of the magnetic field to a 
minimum, The reversal of the field at 
such a frequency results ina much more 
stable arc stream, Because arc blowis 
minimized, quality welds are always 
possible with AC. 

The arc produces good penetration, It 
is an easy arc tocontrol andto maintain 
once the arc is started, However, be- 
cause of the alternating current flow, 
starting the arc is more difficult than 
with DC. To overcome this difficulty 
some machines have a "hot start" cir- 
cuit built in to provide an extra flow of 
very high frequency current at the 


time the arc is struck. Other machines 
use capacitors in the secondary (arc) 
circuit to give high-current surges for 
the arc-striking or starting periods 
only. 

AC arc welding is usually faster, be- 
cause larger electrodes and therefore 
more current can be used due to mini- 
mum magnetic blow conditions. 

Some of the basic features of AC arc 
welding are: 

1. Good forceful arc. 

2. There is an absence of arc blow, 

3. Weld arc is easy to hold once it 
is obtained. 

4. A good way to weld aluminum, 

5. The most popular application is 
production welding on heavy gauge 
steel. 

To cause the arc to deposit weld 
metal at the weldment there are various 
forces at work. 

AC electrode shielding increases 
ionization and the gases generatedtend 
to direct the globules of metal into the 
weld puddle. 

Surface tension at the surface of the 
weld tends to hold the metal in place in 
the weld puddle. 


7-3. TYPES OF AC ARC 
WELDING MACHINES 


Several types of AC arc welding ma- 
chines have been produced and used, 
The two basic types are: 

1. Motor generator type. 

2. Transformer type. 

A schematic view of these two types is 
shown in Fig. 7-3. 


7-4. GENERATOR TYPE AC ARC 
WELDING MACHINE 


High frequency motor generator AC 
arc welding machines have been devel- 
oped and used, Due tothe high frequency 
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Fig. 7-3. The two basic types of AC arc welding ma- 
chines are the AC generator and the transformer. 
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alternating current generated, it is 
quite easy to strike and maintain an arc 
with such machines. 

Two types of AC arc welding genera- 
tor units are: 

1. Electric motor driwen AC 
generator. 

2. Engine driven AC generator, 

The electric motor generator is 
usually driven by a 60-cycle single- 
phase or by a three-phase motor. The 
speed is therefore approx. 1750 RPM, 
The generator may be designed topro- 
duce up to 500 cycles per second (CPS). 
Fig. 7-4, shows a schematic wiring 
diagram of a high frequency generator 
using a three-phase motor drive, 

Engine driven AC arc welders are 
quite commonly used. They have the 
advantage of being usable beyond the 
reach of electrical power supply 
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Fig. 7-4. Schematic wiring diagram of a three-phase motor drive, high frequency 
welding generator. 
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Fig. 7-5. An air-cooled engine driven, high frequency AC arc welding outfit. 
(McCulloch Corp.) 


sources, These machines provide the 
advantage of the AC arc when welding 
in places where arc blow might make 
DC arc welding difficult, To make it 
easy to strike and maintain a stable arc 
these machines operate at a high fre- 
quency cycle. Fig. 7-5, illustrates a 
small portable type engine driven AC 
arc welding generator. This welder 
operates at 2880 cycles per second 
(CPS) which makes striking the arc 
easy. When welding, "arc blow" is 
greatly reduced. 


7-5. TRANSFORMER TYPE AC 
ARC WELDING MACHINE 


The transformer type AC welder is 
most popular of the AC machines. The 
machine usually uses single-phase, 220 
or 440 supply voltage. The welding 
leads and the arc circuits are similar 
to those of the DC machines, 

There are several types of AC trans- 
former type arc welding machines: 

1. Adjustable reactor type. 

2. Movable coil type. 

3. Movable core type. 


A popular AC arc welding machine of 
the tapped reactor type is shown in 
Fig. 7-6. 
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Fig. 7-6. External appearance of a 16 tap AC arc weld- 
er. The electrode lead is plugged into one of the 16 
tap sockets to obtain the desired amperage. 
(Marquette Mfg. Co.) 
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reduce the welding current, while a 


TAP 
e decrease of reactance will permit more 
ARC welding current to flow. 
-—1TÀ The electrically adjustable reactor, 
as shown in Fig. 7-7, is becoming 
eel popular because the reactor current 


adjustment can be located near the 
operator by using an extension cord, 
CORE REACTOR The control may be either adjusted by 
the operator's hand or foot. Inconstant 


| -ai voltage machines the windings and the 
II core of the transformer are held con- 
Eri stant, and the adjustable reactor is used, 

"di If any part of the basic transformer 


is changed; that is, if the coil or core 


MAGNETICALLY ADJUSTABLE is movable, the unit is called a constant 
TYPE current type machine as shown in Fig. 
REMOTE 1-8. 
ie ie n A stop-start switch is located either 
------- ww 


on the top, side, or front of the machine. 
a A small electric fan is used to force 


LLL ae REACTOR air through the machine for cooling 
ARC 
ELECTRICALLY ADJUSTABLE =a | 
TYPE 
ARC 
Vd 


actor type AC arc welding machines. The remote re- 
actor control may be located near the operator for 
convenience. 
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There are three kinds of reactor ad- pon a a 
justments, as shown in Fig, 7-7: 

1. Tapped reactor (limited settings). 

2. Magnetically adjustable reactor 
(infinite settings). 

3. Electrically adjustable reactor 


(infinite settings). MORE CURRENT 

In all AC circuits, as the electricity ARC 
reverses its direction of flow, the a mT 
changing magnetic field around each | poo MOVABLE CORE 
wire creates an electrical flow in the TYPE 


opposite direction to the desired flow. 

This action is called reactance (some- 

: ( à Fig. 7-8. Two types of AC arc welding machines. One 
times called counter electromotive is the movable core type, and one is the movable 
force). An increase of reactance will coil type. 
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purposes. Fig. 7-9, shows the internal 
appearance of an AC transformer type 
welder. 

The AC welding transformer consists 


arc current flows, The welding trans- 
former is called a step-down trans- 
former. The welding arc current has a 
lower voltage and a higher amperage 
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Fig. 7-9. Internal appearance of the 16 tap AC arc welder. The capacitor is used 
to improve the efficiency of operation. This shows the internal appearance of the 
machine shown in Fig. 7-6. 


or current value than the primary cir- 
cuit. Fig. 7-10 is a diagram of the 
electrical circuits in a typical trans- 
former type arc welder. 


of two windings, a primary and a 
secondary. The primary winding is con- 
nected tothe power source, The second- 
ary winding is connected to the elec- 


trode holder and ground and itis through 
the secondary winding that the welding 


Some arc welding machines are built 
to provide either AC arc welding cur- 


Modern Welding 


TRANSFORMER 
LINE OT: © T 


230 V 10 T. 
PRIMARY 
+ OT. 
LINE 


SECONDARY NO.2 


SECONDARY NO. 1 


REACTOR 
Qa pz a 
w 
as m d 8 3 tees 
emer quu 4 
p x uu Eau 
ORE AUS 
? 8à Aaa? 


f = NO.7 eedi = NO7 ‘ah ae 10 


Fig. 7-10. Electrical circuits for a tap type AC transformer. The amperage range 
of this arc welder is 25 amps. to 295 amps. 


rent, or DC arc welding current, These 
units are described in CHAPTER 6, 


7-6. STARTING AC TRANSFORMER 
ARC WELDER 


The AC arc welding machine unit is 
very easy to start and adjust. A start 
button is conveniently located near the 
operator of the machine. Many ma- 
chines are fitted with a remote switch 
for convenience. Current settings are 
easily made with a handwheel using a 
dial and pointer setting indicator or by 
using the indicator lead tap adjustment, 
Fig. 7-11, shows a diagram of a mov- 
able primary coil AC arc welding ma- 
chine. Fig. 7-12, shows the internal 
construction of the same machine, 

It is very important that the complete 
station be inspected before starting 
and using the arc welder for: 

A. Safety. 

B. Efficiency. 

Some of the more important inspec- 
tion items are: 


1. Electrode holder, leads, and con- 
nections. 
A. The electrode holder insulation 
must be in good condition, 
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Fig. 7-11. A movable coil AC arc welder. 
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B. The electrode holder should be 
hung on an insulated hook. 

C, The leads should be well insu- 
lated, The cables should be run 
as close together as possible 
and should be of minimum 
length, Separated cables and/or 
long leads will increase the re- 
actance in the secondary cir- 
cuit and will reduce the AC 
machine capacity. 

D. The connections shouldbe clean 
and tight. An ohmmeter can be 
used to locate excess resist- 
ance points in the circuit. 

2. The welder should be inspected. 
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Fig. 7-12. Internal construction of a movable coil AC 
arc welder. 


A, The machine ventilating airin- 
let and outlet must be clean and 
the openings must be clear of 
obstructions. 

3. The booth walls and curtains must 
be in good condition, 

A. The booth should be clean and 
dry. 

4, The booth ventilation system must 
be operating and the ventilation open- 
ings must be clean and clear of 
obstruction, 


7-7. STRIKING AN ALTERNATING 
CURRENT ARC 


The practice of arc welding with an 
AC machine is very similar to the DC 
type. It isalittle more difficult to strike 
the arc with the AC type because ofthe 
tendency of the apparatus to break the 
arc on the change of the cycle (120 
times per second ina 60-cycle circuit). 
As mentioned previously, however, 
Special provisions are made to make 
up for the no-current interval. 

First the machine must be correctly 
adjusted, Itisimportant that the current 
setting be matched with the electrode 
size (diameter) as shown in Fig. 7-13. 
The current settings vary depending on 
the thickness of the metal, type of joint, 
and whether it is a single or multiple 
pass weld. 

The operator will find that the mo- 
tions recommended in CHAPTER 5, 
should also be used for starting an AC 
arc. If the arc breaks continually, re- 
gardless of how careful the operator 
may be, it is probably due to too-low 
current adjustment of the machine, If 
the electrode spatters excessively, and 
if it becomes overheated while welding, 
the current is excessive, The operator 
will find that once an arc is maintained 
for a time, the arc can be maintained 
quite easily. 


-—— Ss 0. 
1 


FLASH 
GOGGL ES 


HELMET 


i. 14 


LEATHER 
JACKET 


A 
/ 


Á 


GAUNTLET 
GLOVES 


LEATHER 
LEGGINGS 


A welder equipped with flash goggles, leather jacket, gloves, and leather leggings. Note: 
The arc welding booth is fitted with a filter lens in order that the instructor may observe 
the arc from outside the booth. (Detroit Board of Education, Detroit Public Schools). 
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7-8. ALTERNATING CURRENT 
WELDING PRACTICE 


There has been a steady increase in 
the use of AC arc welders by both 
manufacturers and jobbing shops. The 
initial cost of the equipment, the high 


explained in CHAPTER 5, and the 
appearance of the weld should be simi- 
lar to a DC machine weld. The same 
motions, the same arc length, the same 
current capacities, and electrode sizes 
can be used as in DC arc welding. How- 
ever, AC arc welding can use larger 


APPROX. METAL 


ELECTRODE THICKNESS CURRENT SETTING 
DIAMETER SINGLE PASS MIN. MAX. 
1/16 1/16 20 40 
3/32 3/32 30 80 
1/8 1/8- 1/4 50 120 
5/32 1/8- 1/4 75 170 
3/16 1/4- 3/16 100 210 
7/32 1/4- 3/16 120 250 
1/4 1/4- 5/16 160 330 
5/16 5/16- 3/8 200 420 


Fig. 7-13. Table of electrode diameters and current set- 
tings for AC arc welding. The valves are approximate. 


Fig. 7-14. An AC deep fillet weld on a T-joint. 
(Hobart Brothers Co.) 


production rates, and the elimination 
of magnetic blow are probably the most 
important reasons, The lack of mag- 
netic arc blow enables a welder to pro- 
duce better welds in corners, at edges, 
and in recesses. 

The weld should be performed ina 
flat position, if possible. However, the 
weld can also be done in vertical and 
overhead positions, Metal for AC weld- 
ing should be prepared for welding as 


electrodes and therefore more current 
than when DC welding. Alonger arc can 
be drawn when using AC equipment than 
with DC. A welder operator must be 
careful to maintain the proper arc 
length, as it is easy to weld with too 
long an arc, and thereby increase the 
chance of a poor quality weld. 

One particular advantage of AC weld- 
ing is its ability to produce excellent 
deep penetration fillet welds, as shown 
in Pig, 7-14. 


7-9. AC LIGHTLY COATED 
METALLIC ELECTRODE 
ARC WELDING 


Lightly coated metallic electrodes 
are economical to use; however, itis 
more difficult to weld with them and 
the weld produced is not ordinarily as 
good as with covered electrodes, Since 
there is no gaseous shield to keep out 
the atmosphere, there will be consider- 
able oxidation, and the weld will not be 
as sound nor as ductile as when shielded 
electrodes are used, These electrodes 
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are sometimes used where lower 
strength welds meet the design 
requirements, 

To do an arc welding job using light- 
ly coated electrodes, the following 
procedures should be followed: The 
arc should be struck and the electrode 
held at an angle of about 20 deg. from 
the vertical in the direction of travel 
of the weld, It is sometimes necessary 
to weave a pattern withthe arc, inorder 
to obtain width and penetration of the 
weld, As with all arc welding, the weld- 
ing arc will be influenced by: 

A, Electrode diameter. 

B. Current flow (amperes). 

C. Arc length, 

D. Speed of travel, 

In general, it is advisable to use as 
large an electrode as possible. This 
increases the welding speed and costs 
less per pound, Fig. 7-15, is a table of 


Fig. 7-15. Table which compares the welding speeds 
using various electrode diameters while making a 


3/8-in. mild steel butt weld. 


welding speeds for various electrode 
sizes, if used to make a 3/8-in. butt 
weld on mild steel. 

The amount of current will depend 
mostly on the size ofthe electrode, The 
larger the electrode, the higher the per- 
missible current setting. 

The arc length together with the 
amount of current, governs the amount 
of heat generated at the arc. 


As with DC welding, the sound of the 
arc (a steady hissing or frying sound), 
and the appearance ofthe molten puddle 
are indications of the quality of the weld 
being made. A current setting which is 
too high will overheat the electrode, 
cause excessive splatter, and the weld 
will have a poor appearance, Acurrent 
setting which is too low will give poor 
penetration (fusion), and greatly reduce 
the welding speed. 

An arc length which is too long will 
cause excessive splatter, a low, wide, 
flat bead and it may cause the arc to 
break frequently or "go out," 

Too short an arc will cause a high 
and narrow bead, a porous weld, and 
the electrode may stick or freeze to 
the work, 


7-10. AC COVERED ELECTRODE 
(SHIELDED) METALLIC 
ARC WELDING 


Shielded metallic electrodes have 
been developed for AC welding. The 
use of these electrodes helps to make 
AC welding both easy and reliable, To 
use these electrodes, strike the arc 
with the electrode held vertically to 
the metal and after obtaining the arc 
tilt the electrode to about an angle of 
about 20 deg. from the vertical, in the 
direction of travel of the arc, 

The AC shieldedelectrode, AWS6011, 
has a special coating. When the arc is 
operating, some of the material in the 
coating ionizes and these ions enable 
the alternating flow of electricity to 
easily cross the gap as the current re- 
verses direction, Fig. 7-16, shows two 
fillet welds on T-joints, One is a typi- 
cal weld while the other shows complete 
penetration, The weld with complete 
penetration is a deep fillet weld made 
with AC. 

The gaseous shield keeps the air from 


T-12 


Fig. 7-16. Conventional fillet weld (A) compared to a deep penetration fillet weld 
(B) made with an AC arc. 


the weld, A higher temperature and 
more effective heat is developed at the 
arc with shielded electrodes. This 
means more rapid heating. The weld 
metal will remain in a fluid condition 
longer resulting in less included gases 
and therefore a more solid weld. Refer 
to CHAPTER 5, for a description of 
the effects of electrode diameter, cur- 
rent, arc length, and speed of travelon 
arc weld characteristics, 


7-11. PREPARING THE METAL 


As is basic with all work, the ma- 
terials must be clean, shaped correctly, 
and firmly mounted. The metal must 
be known, Mild steel (SAE 1010 - 1020) 
is recommended for practice exer- 
cises, The spark test may be used to 
determine the type of metal (CHAPTER 
24). 

The metal edges must be correctly 
shaped, the metal must be clean (wire 
brushed, sandblasted, or pickled). 

The metal must be correctly posi- 
tioned with each piece lined up correct- 
ly with the other and with the correct 
gap in the joint (root face). 

The metal pieces must be firmly 
supported to insure against accidental 
movement while the weld is being made 
as shown in Fig. 7-17. 

After carefully preparing and mount- 
ing the metal pieces, the electrode 
should be selected. 


7-12. SELECTING THE ELECTRODE 


The electrode must be in good con- 
dition. It must be clean, the coating 
must not be cracked or broken, and it 
must be dry. 

The correct choice of the electrode 
is very important if good quality, eco- 
nomical welds are to be obtained, A 
general rule is to use the maximum 
diameter electrode and the maximum 
current for the thickness of the metal 
being welded and still produce good 
quality welds. 

The following variables affect the 
choice of the electrode: 

1, Kind of electrode used; 
case AC. 

2. Kind of metal. 

3. Thickness of metal, 

4. Joint design. 


in this 


Fig. 7-17. Special shielded screw C clamps being 
used to hold a metal assembly as it is being arc weld- 
ed. The shields are to protect the clamping screws 

from metal spatter. 


(Adjustable Clamp Co.) 
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5. Welding procedure; whether one 
pass or multiple pass. 

6. Preheat condition of metal. 

Some of the more common alter- 
nating current electrodes are identified 
by AWS standard numbers as BOT, 
6013, 6016 and 6018 electrodes. See 
CHAPTERS 5 and 6. These electrodes 
are able to use a range of current 
flow. For example, an1/8-in, diameter 
electrode can be used for current flows 
from 80 amperes to 125 amperes, The 
weld to be made must be made within 
this current range ifthis electrode size 
is to be used. 

One must know from past experience 
or from instructions how much current 
is to be used for the weld to be made: 

1. The thicker the metal, the more 
current needed. 

2. Butt joints and corner joints re- 
quire less current than T-joints and 
lap joints. 

3. Single pass welds require more 
current than multiple pass welds, 

4. Preheated metal requires less 
current than ambient temperature 
metal. 

Indications that too much current is 
being used are excessive splatter of the 


arc, and poor control of the weld crater. 
If too much current is being used for 
the electrode diameter, the electrode 
coating will not "burn off" evenly. If 
too little current is used, the arc will 
be hard to maintain, and the electrode 
metal will not fuse with the base metal. 

The variety of electrode sizes and 
types is shown by the elaborate storage 
facilities needed, as shown in Fig. 7-18. 


7-13. STARTING THE WELD 


The technique described in CHAP- 
TER 5 for starting a weld with DC are 
also used when welding with AC. Re- 
member that metal is being deposited 
and parts of the base metal are being 
melted the instant the arc is created, It 
is therefore important to strike the arc 
in exactly the correct spot orthe metal 
may be marred, Fig. 7-19 shows elec- 
trode positioning prior to striking the 
arc. Most welders position the arc end 
of the electrode just above the exact 
spot where the weld is to start, then 
lower the helmet in front of their eyes 
before actually contacting the metal 
with the electrode. You should start 
melting and depositing metal on both 


Fig. 7-18. Large capacity storage facility for various types of arc welding electrodes. 
(Hobart Brothers Co.) 


Fig. 7-19. Chain type clamp being used to securely 
hold two pieces to be arc welded. 


pieces of metal of the joint as quickly 
as possible, That is, you should direct 
the arc until the crater, or puddle, is 
formed on both sides of the joint at 
once, before proceeding with the bead. 


7-14. RESTARTING THE WELD 


Quite often when making a weld the 
arc is interrupted because the electrode 
is used up, or for some other reason, 
When this interruption occurs, care 
must be taken when restarting the weld 
that a weak spot is not formed in the 
weld at this point. 

The proper procedure is to first 
clean the end of the weld by removing 
the slag and chipping, and/or wire 
brushing the weld crater. Then, strike 
the arc at the leading edge of the crater. 
Move the arc slowly backtothe trailing 
edge of the crater, and finally start 
welding in the usual fashion and 
direction, 

Fig. 7-20, shows a fillet weld being 
made on the inside corner joint in a 
vertical position, 


7-15. STOPPING THE WELD 


When an arc weld is completed, the 
weld will tend to have a crater in it, 
as the electrode is lifted away from the 


Fig. 7-20. This illustration shows a fillet weld being 
made in the vertical position. Note the leather cape 
that the welder is wearing for safety. 


weld. The metal at the end of the weld 
should be built up to the same level as 
the rest of the weld, that is, the crater 
should be filled. 

To fill the crater, reverse the elec- 
trode movement as the end of the weld 
is reached. Move the electrode to the 
trailing edge of the crater, pause until 
the crater is filled, then, lift the elec- 
trode slowly until the arc is broken. 


7-16. REVIEW OF AC ARC 
WELDING SAFETY 


Always use National Electrical 
Manufacturers Association (NEMA) 
approved equipment. Never use home- 
made or non-approved transformer 
equipment. It may be dangerous partic- 
ularly if the primary and secondary 
winding should become electrically 
shorted and/or connected. 

Alternating current arc welders 
should be kept dry. Never operate an 
AC welding machine with the welding 
cables wrapped around the welder. The 
magnetic field produced by the welding 
cables may interfere with the magnetic 
circuit inside the welder. 

The primary coil may be of 120, 200, 
220 or 440 volts. See CHAPTER 28 
for further information, The primary 


7-15 


Modern Welding 


circuit should always be installed 
according to the prevailing electrical 
code. 

Burns and flashes are perhaps the 
greatest hazard to the arc welder. The 
same gloves, proper clothing, shield- 
ing and helmets as describedin CHAP- 
TER 6, should be used to provide 
necessary protection. 


7-17. TEST YOUR KNOWLEDGE 


1. What has caused the use of AC arc 
welding to increase in use since arc 
welding became a common method of 
welding? 

2. What are some of the advantages of 
using the AC arc? 

3. What is meant by the rectifier effect 
on the AC flow? 

4. What are two common types of AC 
welding machines? 

5. How. are transformer machines 
usually cooled? 

6. Is the frequency of AC welding 


generators usually higher or lower than 
the frequency of transformer type 
machines? 

7. What is the advantage of higher fre- 
quency in welding machines? 

8. When AC arc welding, what portion 
of the heat is released at the electrode 
and what portion at the work? 

9. Is it possible for some transformer 
type AC welding machines to also pro- 
duce DC? If so, how? 

10. What is the purpose of a welding 
transformer? 

11. When arc welding a 3/8-in. thick 
butt joint on mild steel usinga 3/16-in. 
diameter electrode, what is the approxi- 
mate welding speed in feet per hour? 
12. What is meant by current lag as 
applied to alternating current? 

13. What happens tothe welding current 
as the reactance increases? 

14. Why does the welding current 
change as the tap position is changed 
in a tap type AC welding machine? 

15. Why is more current used as the 
diameter of the electrode is increased? 
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AC ARC WELDING 
EQUIPMENT AND SUPPLIES 


Alternating current for arc welding 
has certain characteristics which make 
this type of welding particularly de- 
sirable for many welding applications. 


8-1. ALTERNATING CURRENT ARC 
WELDING TRANSFORMERS 


The most popular alternating current 
welding machine uses a transformer to 
provide the proper electrical charac- 
teristics. The welding transformer has 
an exterior appearance similar to the 
usual power transformer. 

An AC welding machine is shown in 
Fig. 8-1. Fig. 8-2 shows acomplete AC 
welding outfit. 

The machine shown in Fig. 8-1, is of 
180 ampere capacity, with a power 
factor correction to enable it tobe used 
on 3 KVA power line transformers such 
as used in rural areas. 

In general, AC welding transformers 
are wound to step down the power supply 
source from 120, 208, 230, 440, or 550 
volts, tothe required current and poten- 
tial required for welding. Welding 
transformers are carefully engineered 
to produce good arc characteristics 
with safety. Fig. 8-3, shows the internal 
construction of the welding machine in 
Pig, 5-72. 

These welding machines are made in 
accordance with standards established 
by the National Electrical Manufac- 
turers Association, (NEMA). The NEMA 
standards are concerned with allowable 
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temperature rise in parts of the ma- 
chine as it is operated at its rated out- 
put. The temperature rise maximums 
are based on the type of insulation 
material used. Homemade units and 
welders without NEMA approval should 
be avoided, as they can be extremely 
dangerous, 
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Fig. 8-1. An AC arc welder with both a tap type and 
a moving core adjustment. Coarse adjustments are 
made by moving the electrode plug from the high to 
the low range tap. Fine adjustments are made by ro- 


tating the crank. (Miller Elec. Mfg. Co.) 


AC units come in various capacities 
such as: 100, 150, 200, 300, 500, 750, 
and 1000 amperes. These values are 
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output amperes at 40 volts, The units 
are rated based on a 60 percent duty 
cycle, that is, if the unit operates 60 
percent of the total time (6 minutes out 
of ten or 60 minutes out of 100, etc.). 


GROUND LEAD 


ELECTRODE LEAD 


winding, which is the arc circuit wind- 
ing, is the step-down type, which re- 
duces the primary circuit high voltage 
to an open circuit voltage of 80 volts, 
and a closedare circuit voltage between 


Fig. 8-2. Complete AC arc welder outfit. The AC welder has a high range and low 

range electrode lead tap. In addition, a crank adjustment is provided with an indi- 

cator scale for ampere adjustments from 60 to 180 (high range tap) and 20 to 115 
amps. (low range tap). 


It is recommended that the open cir- 
cuit potential of the arc circuit not 
exceed 75 to 80 volts as a safety 
precaution, 

An AC welding machine has several 
main parts: 

1. Transformer, 

2. Frame, 

3. Ventilating system. 

4, Shell. 

5. Adjustment mechanism, 


8-2. THE TRANSFORMER 


The transformer consists of three 
main parts, the primary circuit, the 
secondary circuit, and the core. The 
primary circuit, usually supplies 
single-phase current, The secondary 


20 and 40 volts. The core consists of 
sheets of laminated steel of special 
magnetism properties. 

The amount of current produced for 
welding is varied by several means as 
explained in CHAPTER 7, These trans- 
formers must be specially built to 
guard against a short between the pri- 
mary and secondary windings, as this 
condition can be dangerous, If the pri- 
mary windings accidentally come in 
contact with the secondary winding, the 
primary voltage of 120 or 208 volts 
might be imposed on the secondary 
winding and might critically injure the 
person operating the machine. Also, if 
some of the primary windings should 
touch eachother electrically, the trans- 
former might become a step-up trans- 
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Fig. 8-3. The internal construction of the AC arc welder shown in Figs. 8-1, and 8-2. 


former instead of step-down, The high- 
er voltages resulting from the step-up 
would be dangerous to the personusing 
the welder. Such dangers are virtually 
nonexistent in professionally made arc 
welders based on NEMA Standards. 
The transformer must be specially 
constructed to eliminate the need for 
high open-circuit voltage, as this may 
also be dangerous or uncomfortable, 
The method of eliminating the need for 
high open-circuit voltage is to use a 
high frequency pilot circuit. This is a 
type of spark coil which momentarily 
imposes a high frequency voltage of 
low current across the arc, making it 
easier for the operator to start the arc. 
These transformers are mounted in 
a ventilated steel cabinet with suitable 
controls and meters as desired. Occa- 


sionally, the units are mounted on 
wheels to make them more portable. 


8-3. PRIMARY CIRCUIT 


The primary circuitcarries the input 
current, The wire for the primary cir- 
cuit is wound around a speciallaminated 
steel core and forms the coil. The 
magnetic strength of the coil is direct- 
ly proportional to the number of wind- 
ings or turns ofthe coil, These windings 
must be very carefully insulated from 
each other and from the magnetic steel 
core, There are three types of 
insulation: 

Type A, Organic materials (cotton). 

Type B, Inorganic materials. 

Type C, Combined organic and in- 
organic materials. 


8-3 


Modern Welding 


Type B, is considered the best, as 
these insulations can be safely used at 
higher temperatures. There is alsoa 
minimum of moisture effect. Some of 
these insulations are asbestos, glass, 
and silicon, 

Some of the primary windings have 
capacitors connected across the pri- 
mary windings to improve the power 
factor, NEMA specifies that the ma- 
chines must have a minimum power 
factor of 80 percent. This factor means 
that when the voltage reading and 
ampere reading are multiplied together 

Vx A-W 
that the actual watts must equal 80 
percent of the theoretical amount, 

Example: 240V x 30A - 7200 Watts 
(theoretical) 

5760.00 

(actual) 

or 5.76 KW 

The capacitors improve the power 
factor by discharging and increasing 
the watts as the sine wave of the input 


7200 x 501 


| 


power decreases from maximum and 
approaches zero. 

The primary circuit therefore 
includes: 

1. Stop-start switch (off-on). 

2. Overload protection (fuse or cir- 
cuit breaker). 

3. Capacitors in some units. 

4. Ventilation fan motor circuit (See 
PAR. 8-6). 

5. Pilot light circuit (in some units). 

A movable core AC arc welder wiring 
diagram is shown in Fig. 8-4. This is 
the wiring diagram for the machine 
shown inthe three previous figures, The 
unit has two primary windings, a fan, 
a movable core transformer anda fixed 
reactor in the "low" electrode lead. On 
this diagram, "line" means the power- 
in leads, FM is the ventilation fan 
motor, SW is the OFF-ON switch, The 
primary windings are connected in 
parallel for 230-volt use. When the two 
bars are removed and one is put in the 
center, the two primary windings will 
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Fig. 8-4. An electrical wiring diagram of a movable core transformer type AC arc 


welder. 


(National Cylinder Gas) 
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be in series for a 460-volt installation, 
Note that in either case the fan motor 
will operate at 230 volts. 


winding, and the wire is ofalarger size 
(to carry more current). 
Its windings must be insulated also; 


HIGH 


LOW 


Fig. 8-5. Wiring diagram of movable core transformer type AC arc welder, with a 
capacitor controlled third primary winding. 


The unit shown in Fig, 8-5, is the 
same as in Fig. 8-4, except that a 
capacitor and a third primary winding 
have been installed in the primary cir- 
cuit to improve the power factor of the 
unit, and to improve the performance. 
The PFC on the diagram means power 
factor capacitor. As the alternating 
current builds up and decreases, the 
capacitor stores electrons during cur- 
rent build up, then releases electrons 
through the third coil as the original 
current decreases, thus producing a 
stronger magnetic field for a longer 
time and improving the efficiency of 
the unit, 


8-4. SECONDARY CIRCUIT 


The secondary winding creates the 
welding current as the magnetic field 
created by the primary winding moves 
back and forth across its windings. It 
has fewer windings than the primary 
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and this insulation must be according 
to NEMA standards. 

The leads from the winding are care- 
fully connected to the electrode lead 
terminal on the welder case, and tothe 
work or ground lead terminal on the 
welder case. These connections must 
be mechanically strong, and have mini- 
mum electrical resistance. 

Some welders have a reactor in the 
secondary circuit, This reactor con- 
sists of a coil of heavy secondary cable 
and a laminated core made of steel 
which has special magnetic properties. 
The reactor may be adjusted to vary the 
impedance of the reactor coil, andthus 
vary the amperage output of the ma- 
chine. The reactor coil produces a 
voltage which flows in a direction 
opposite to the normal transformer 
voltage. By changing the impedance or 
magnetic strength of the reactor coil, 
the output ofthe transformer secondary 
can be varied. 
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8-5. WELDING CURRENT 
ADJUSTMENTS 


The current output of the AC arc 
welder may be adjusted in several 
different ways: 

1, Changing the strength of the re- 
actor winding (secondary circuit). 

A. Changing number of turns in 
reactor winding, 

B. Changing strength of magnetic 
field in reactor, 

2. Changing strength or position of 
magnetic field inthe maintransformer, 

A. Moving coil. 
B. Moving core. 

These types are explained in CHAP- 
TER 7. 

Some arc welders use taps to in- 


The welders with moving elements 
have a handwheel on the top of the unit, 
or on the front panel. A pointer and a 
scale indicates the ampere setting. The 
machines may be either the main trans- 
former moving coil, moving core type 
machines, or infinite adjustment re- 
actor type welders. 

One type AC welding machine has one 
adjustable resistance in the reactor 
winding circuit. The AC is rectified to 
DC, and a DC winding is usedto control 
the magnetic strength of the reactor, 
This adjustable control can be remotely 
located, enabling the operator to more 
conveniently adjust the machine. 

Fig. 8-6, shows a schematic wiring 
diagram of an AC arc welder with two 
separate secondary circuit windings 
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Fig. 8-6. Pictorial wiring diagram of an AC transformer type arc welder. 


(Hobart Bros. Co.) 


crease or decrease the number of 
windings or coils in use onthe reactor, 
The taps are usually labeled by the 
ampere output of that tap. See Fig. 7-10. 


for a coarse adjustment and a DC cir- 
cuit rheostat (resistance) controlled 
reactor for fine adjustment, The coarse 
control is mounted on the unit, The 
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Pipe cutting machine using two torches to make two bevel 
cuts simultaneously. (H & M Pipe Beveling Machine Co.) 


rheostat control can be either mounted 8-6. COOLING 

on the unit, or it can be moved to the 

place of welding for convenience of Most AC welding machines are air 
adjusting. cooled, Some of the smaller units have 
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Fig. 8-7. Exploded view of a movable 
coil transformer type AC arc welder. 
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Fig. 8-8. Combination AC-DC transformer-recti- 
fier arc welder. The transformer only is used when 
AC arc welding, while the transformer and rectifiers 
are used when DC arc welding. 
(Harnischfeger Corp.) 


natural or gravity air flow through the 
mechanisms, 

Some machines, particularly the 
larger sizes, use forced air circulation, 
An electric motor and fan is connected 
into the primary circuit and provides 
forced air circulation automatically 
when the unit is turned on, and while it 
is in operation. Fig. 8-7, shows an ex- 
ploded view of an AC arc welder 
equipped with a motor-fan forced air 
circulation cooling system. 

Air must get in easily, pass around 
the mechanism easily, and exit easily. 
Air passageways must be kept open at 
all times, The machine should be kept 


clear of obstructions and should have 
its ventilation openings uncovered. 
Periodically, once or twice each year, 
the casing should be removed (be sure 
the power is disconnected) and the dust 
removed from the internal air pas- 
sages, Compressed air (use goggles) 
or a vacuum cleaner in combination 
with a brush, produces excellent 
results, 


8-7. AC-DC ARC WELDING 
MACHINES 


Some welding transformers are made 
which produce either AC or DC current 
through the use of a rectifier. With 
AC-DC transformers,considerable 
welding flexibility may be obtained with 
one machine, Settings are made in the 
same manner as on other transformer 
welders, but a selection of AC or DC 
is possible. Fig. 8-8, shows a machine 
which may be used for AC, DCSP, or 
DCRP. It has coarse and fine range 
adjustments for current output. Recti- 
fiers (full wave) change the AC current 
to direct current, Silicon and selenium 
material rectifiers are popular for this 
purpose. 

AC-DC machines can be adjusted by 
using a remote control. Fig, 8-9, shows 


Fig. 8-9. Remote current setting device with dial and 
pointer arrangement. This device will vary the amperes 
within the course range set on the machine. 
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a hand-operated control for a reactance 
type transformer. This type remote 
control is also available for foot 
operation, 

Most AC and AC-DC arc welding ma- 
chines are protected by a thermal over- 


load automatic circuit breaker in the 


LINE 


FAN MOTOR 


8-8. MACHINE INSTALLATION 


Since these machines are single 
phase machines, they tend to disturb 
the electrical power circuit, Because 
of the low power factor which will be 
imposed on the power circuit used, it 
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Fig. 8-10. A wiring diagram of an AC welder with remote control. 


primary circuit. This protects the 
winding from overheating in the event 
of continuous closed secondary circuit 
or other overloads. 


will noticeably affect a single-phase 
or a three-phase circuit to whichit may 
be connected, Power factor correction 
capacitors are used to improve the 
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Fig. 8-11. An engine driven combination AC or DC arc welder with outlets for AC 


auxiliary use. 


power factor of other electrical ma- 
chinery on the power line, It is best 
to consult with the electrical utility 
company and with an electrical con- 
tractor, before purchasing and install- 
ing an AC arc welding machine, 

Fig, 8-10, is another wiring diagram 
showing a fan-cooled unit withacoarse 
range adjustment, a fine range adjust- 
ment (DC with rheostat). This machine 
is a reactor controlled arc welder. 

It is recommended when using an 
alternating current machine, that the 
arc welding leads be as short as possi- 
ble, as the electrical resistance of the 
cables increases the difficulty of strik- 
ing and maintaining an arc. The cables 
should also be kept close together to 
minimize the reactance of the cables 
as this reactance will reduce the cur- 
rent output of the machine. 


8-9. AC ARC WELDING 
GENERATORS, MOTOR DRIVEN 


This type of alternating current, arc 
welding machine makes use of a motor 


(Lincoln Elec. Co.) 


driven, alternating current generator. 
The generator is similar to the dynamos 
or alternators used to generate alter- 
nating current for domestic and indus- 
trial purposes, Generators ofthis type, 
driven by means of athree-phase alter- 
nating current motor, have been used, 
However, this type drive at present, is 
not in general use. 


8-10. AC ARC WELDING 
GENERATOR, ENGINE DRIVEN 


This type welding unit is quite popu- 
lar. Because it is portable and can be 
used as an emergency electrical power 
source, this welding machine may be 
found all over the world, Fig. 8-11, 
shows a machine which produces AC, 
DCSP, or DCRP arc welding current 
and which also may serve as an auxil- 
iary power source 110/220 AC. 

Such units are designed to furnish 
AC arc welding current of capacities 
varying between 15 to 350 amps. and up. 

One model, driven by a 20 HP, 1800 
RPM gas engine, will deliver 30 to 350 
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amps. of welding current, either DC or 
AC, one KW of DC at 110V auxiliary 
power or 10 KW of single-phase (19), 
115/230 V, 60 cycle AC power. 

Some of the units have a built-in 
high frequency stabilizer unit and can 
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Fig. 8-12. An AC arc welder, generator type, engine 
driven with AC auxiliary outlets for power tools. 


RECOIL 


STARTER QQ 


therefore be used for inert gas arc 
welding. 

An engine driven AC arc welder with 
AC auxiliary power is shown in Fig. 
8-12. 

A lightweight portable arc welder 
which can be used to arc weld with 
2800 cycle AC or can be used as a DC 
arc welder (rectifier necessary) is 
shown in Fig. 8-13. Such a unit is easily 
carried to where it is needed, as it 
weighs only 50 lbs, plus gasoline weight. 
It can be used in places where it is 
difficult to take units on wheels. The 
unit is used with No, 2 cable. Fig. 8-14, 
shows the unit being usedto repair some 
heavy earth moving equipment, 


8-11. AC ARC WELDING 
ACCESSORIES 


The accessories used for AC arc 
welding are much the same as those 


CURRENT 
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RECTIFIER 
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Fig. 8-13. Small, portable, engine driven AC arc welder. This AC generator pro- 
duces 2880 cycles per second (CPS) AC and has an output of 170 amps. With the 
accessory rectifier, this machine can provide DC electricity. 


(McCulloch Corp.) 
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Fig. 8-14. 2880 CPS AC, engine driven, portable arc 
welder being used for repairing earth moving 
equipment. 


used in DC welding. Helmet, gloves, 
and apron are required, Equipment such 
as, benches, booths, and leads are also 
similar, Small tools--C clamps, chip- 
ping hammers, files, chisels, wire 
brushes, etc., arethe same, Since there 
is likely to be more metal spatter with 
AC than with DC, welding solutions are 
on the market which may be applied to 
metal surfaces, which make spatter 
easy to remove. 

CHAPTER 6, explains in detail the 
accessories used when arc welding. 


8-12. AC ARC WELDING SUPPLIES 


Many of the AC arc welding supplies 
are the same as those used in DC arc 
welding. One major difference is inthe 
covering of the electrodes for metallic 
electrode arc welding. The electrodes 
are usually specified as being especial- 
ly made for AC welding because of the 
rate of electrode metal deposit when 
using an approximate 50-50 heat dis- 
tribution, Also, the alternating current 
flow necessitates that ionizing elements 
be put in the coating for AC arc weld- 
ing. Some of these electrodes are in 
the AWS6011 classification, while other 
AC electrodes may be found listed in 
Figs. 6-29, 6-32, and 6-33, The elec- 


trodes are made to the same dimensions 
as the DC electrodes, A color code is 
used on some electrodes to help the 
operator identify the electrodes one 
from the other, Some electrodes have 
the AWS Classification number stamped 
on the coating. 

An explanation of electrodes includ- 
ing types, will be found in CHAP TER 6, 


8-13. TEST YOUR KNOWLEDGE 


1. What type current flows throughthe 
primary coil of the transformer? 

2. Name the three main parts of a 
transformer. 

3. What are the three classes of 
insulation? 

4, Is there sucha condition as Reverse 
Polarity AC? If so, why? 

5. How are most AC arc welders 
cooled? 

6. What is a reactor? 

7. Under what conditions would it be 
necessary to use a generator type AC 
arc welder? 

8. How does a remote control adjust 
the output of an AC transformer type 
arc welder? 

9, Does an AC arc welding trans- 
former reduce or increase the 
potential? 

10. Do some AC transformers have two 
secondary circuits? If so, why? 

11. What is the maximum recommended 
potential of the arc welding open 
circuit? 

12. What other purpose may AC engine 
powered arc welders serve? 

13. Describe the constructionofa 
transformer core, 

14. Why do AC electrodes have ionizing 
agents in their coverings? 

15. What is the purpose of the power 
factor capacitor? 
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Using torch in vertical position. U-grooving seams in off shore drilling rig supports. 


8-14 


Chapter 9 


ARC, OXY-ARC 
CUTTING 


The intense heat of the electric arc 
makes it possible to melt and make 
fluid very small areas of a metal. 
Therefore, if the fluid metal can be 
made to flow away either by gravity or 
by gas pressure, the metal will be re- 
moved leaving a cavity or cut. 

In metal cutting both carbon elec- 
trodes and metal electrodes are used. 


CARBON ROD ———»- 


DIRECTION OF 
PROGRESS 


9-1. CARBON ARC CUTTING 


Metals may be successfully cut by 
using the carbon electrode arc. The 
carbon electrode arc leaves a "clean" 
cut since no foreign metals are intro- 
duced at the arc. The cutting current 
should be 25 to 50 amps. above the 
welding current for the same thickness 


UNDERCUT 


Fig. 9-1. Carbon arc cutting. Note that the carbon electrode is connected to the 
negative terminal of the welding machine, and the work to the positive terminal. 


Many devices have been designed to 
make this type of metal cutting faster 
and more accurate. In the case of metal 
cutting with electrodes, great progress 
has been made in the development of 
electrode metals and coverings which 
produce rapid, smooth and efficient 


cuts, 


of metal. See Fig. 5-4, for a table of 
current recommendations for DC arc 
welding. 

The carbon electrode should be 
ground to a very sharp point, During 
the actual cutting, the carbonelectrode 
should be manipulated in a vertical 
elliptical movement to undercut the 


metal, which facilitates the removal 
of the molten metal, As in oxyacetylene 
cutting, a crescent motion is recom- 
mended, Fig. 9-1, illustrates the rela- 
tive position of the electrode and the 
work when cutting cast iron, 

The carbon arc method of cutting 
may be used quite successfully on cast 
iron because the temperature of the 
arc is sufficient to melt the oxides 
formed, It is especially important to 
undercut the cast iron "kerf" if you 
desire an even cut, Fig. 9-2, shows a 
cast iron gear hub being gouged using 
a carbon electrode with the machine 
adjusted to approximately 200 amps. 
DC. Notice the protective equipment 
the operator uses and the position of 
the electrode and work. The molten 
metal must flow away from the gouge 
or cutting area, Fig. 9-3 is a table of 
cutting speeds, plate thickness, and 


Fig. 9-2. Carbon arc gouging a cast iron gear hub. 
Note the type electrode holder, and the position of 
the gear which permits the molten cast iron to flow 
down and away from the gouge. 
(Tweco Products, Inc.) 


extension out of the electrode holder 
to as little as 3 in. 

Operating a carbon electrode at ex- 
tremely high temperatures causes the 
surface to oxidize and burn away, re- 
sulting in a rapid reduction inthe elec- 
trode diameter. Also as the tempera- 


CURRENT SETTING AND CARBON DIA. 


THICKNESS OF PLATE 300 AMPS. 500 AMPS. 700 AMPS. 1000 AMPS. 
INCHES 1/2 IN. DIA. 5/8 IN. DIA. 3/4 IN. DIA. 1 IN. DIA. 
SPEED OF CUTTING IN MINUTE PER FOOT 

1/2 3.95 2.0 eo 1.0 

3/4 4.7 3.0 2.0 1.4 

1 6.8 4.1 2.9 2.0 

1-1/4 9.8 5.6 4.0 2:9 

1-1/2 8.0 5.8 4.0 

1-3/4 8.0 SEE) 

2 7.0 


Fig. 9-3. Table of recommended electrode sizes, current settings and speed of cutting 
for carbon arc cutting various thicknesses of steel plate. 


current settings for carbon arc cutting. 

Because high currents are needed the 
graphite form of carbon electrode is 
preferred. 

The carbon electrode should not ex- 
tend more than 6 in, beyond the holder 
when cutting, to reduce electrical re- 
sistance and to reduce the heating effect 
on the electrode. If the carbon wears 
away too fast, shorten the electrode 


ture increases, the resistance 
increases. 

The standard arc welding generator 
and other items of arc welding station 
equipment may be used for carbon arc 
cutting. DC is always used. It should be 
adjusted for straight polarity (DCSP). 

Due to the very high temperature 
and the intense arc light, the helmet 
protector lens should be of a darker 
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Fig. 9-4. Steel electrode being used to cut a steel plate. 


shade than for normal arc welding on 
the same thickness of metal. Shade 
#12 - #14 is recommended for bothcar- 
bon are welding and cutting. 


9-2, METAL ELECTRODE 
ARC CUTTING 


Metal may be removed with the 
electric arc using metal electrodes. 
Most cutting electrodes use acover- 
ing that disintegrates at a slower rate 


than the metal center of the electrode. 
This action creates a deep recess at 
the arc end of the electrode and pro- 
duces a jet action that tends to blow 
the molten metal away, as shown in 
Fia OEA, 

Obviously the electrode metal will 
melt and add metal to the puddle or 
crater. This extra metal must also þe 
removed. Some of the typical operations 
that may be performed using this cut- 
ting method are shown in Figs, 9-5, 


Fig. 9-5. Typical gouge cutting operation, using « solid steel core arc cut- 
ting electrode. 
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Air carbon arc gouging U-grooves in I-beams prior to welding. (Arcair Corp.) 
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Fig. 9-6. Beveling plate edge, using solid steel core arc cutting electrode. 


9-4 


THE ELECTRODE IS 


RAISED ONLY 5° 
ABOVE THE 
GOUGE PL 


" THE ELECTRODE IS 
459 FROM EACH SURFACE 


CUTTING 
ELECTRODE 


ARC 
STREAM 


Fig. 9-7. Gouging an inside corner joint, using solid steel core arc cutting electrode. 


also Figs. 9-6, 9-7, and 9-8, heated to the point of cracking the 
A current setting, as high as the elec- covering, is recommended, For 1/8- in. 
trode will take without becoming over- electrodes 125 to 300 amps. are used. 
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Fig. 9-8. Piercing hole in steel plate using solid steel core arc cutting electrode. 
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Fig. 9-9. Air Carbon-Arc cutting. Note the air jet provided to blow away the molten metal. 


For 5/32 in. 250 to 375 amps., and for 
3/16 in., 300 to450 amps. are required, 
This system is easy to set up. A stan- 
dard welding station may be used. One 
needs to use a specialcutting electrode 
for good gouging or cutting results. 

Many manufacturers have developed 
special metal arc cutting electrodes 
with special coverings which intensify 
the arc stream for rapid cutting. Such 
electrodes may be used for cutting 
stainless steel, copper, aluminum, 
bronze, nickel, cast iron, manganese, 
steel or alloy steels. 

The system can be used with either 
AC or with DC straight polarity. A 
very short arc is recommended. If 
cutting under water the coating must 
be waterproof. 


9-3. AIR CARBON-ARC 
CUTTING (AAC) 


If the molten metal can be blown 
away as the electric arc creates the 


puddle, the metal can be easily gouged, 
cut, or pierced. A process has been 
developed to perform this task, Carbon 
and/or graphite electrodes are used, 
and compressed air is fed to anorifice 
built into the electrode holder as shown 
in Fig. 9-9. A hand valve on the elec- 
trode holder controls the air jet. 

The air jet blows the molten metal 
away and usually leaves a surface that 
is suitable for welding operations with- 
out further surface preparation. It 
operates at air pressures varying be- 
tween 60 and 100 psig. The use of 
compressed air is less expensive and 
because air is principally nitrogen (an 
inert gas) a high quality cut is usually 
obtained, Fig. 9-10, shows an air jet 
electrode holder with the carbon elec- 
trode installed. 

The electrodes are available in two 
types: 

1. Carbon. 

2. Graphite. 

Bare carbon and/or graphite elec- 
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trodes become quite hot over their cur- 
rent carrying length because the carbon 
offers some resistance to the flow of 
current. Therefore the heated carbon 
surface slowly oxidizes and the elec- 
trode becomes smaller in diameter. To 
reduce the temperature and to reduce 
the oxidation, these electrodes are 
sometimes copper-coated, Copper- 
coated electrodes will operate cooler 
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Fig. 9-10. Air carbon-arc cutting torch. Note the two 
rotating insulated air jet heads for use in interior 
work in castings. The two air jet heads keep air be- 
hind the electrode regardless of the direction the 
operator may go inside the casting. (Arcair Co.) 


since the copper-coating keeps the sur- 
face from oxidizing. 

The operating procedure is as 
follows: 

1. Adjust machine to correct current 
for electrode diameter. 

2. Start air compressor and adjust 
regulator to correct air pressure, Use 
as low air pressure as possible. Use 
just enough pressure to blow away the 
molten metal. 

3. Insert electrode in holder, Extend 
carbon electrode 6 in. beyond holder. 
It is important that electrode point be 
properly shaped. Fig. 9-11, shows cop- 
per-coated carbon electrode being in- 
stalled in electrode holder. 

4. Strike arc, then open air jet valve. 
Air jet disc can swivel and V groove in 
disc automatically aligns air jets along 
electrode at any angle electrode is 


PROPERLY” 
_ SHAPED 
POINT. 


Fig. 9.11. A carbon electrode being installed in a 
special air jet electrode holder. 


adjusted relative to holder, 

9. Control arc and speed of travel 
according to shape and condition of cut 
desired, 

6, Always cut away from operator as 
molten metal sprays some distance 
from cutting action, This process may 
be used to cut metal in all positions 
such as flat, horizontal, vertical, and 
overhead, 


9-4. AIR CARBON-ARC GOUGING 


There are various metalworking 
applications in which carbon electrode 
air jet gouging may be used to advan- 
tage. Examples are for such jobs as 
preparing metal for welding, asa metal 
shaping medium. To gouge, hold the 
electrode holder sothe electrode slopes 
back from the direction of travel. The 
air blast is directed along the electrode 
toward the arc. The depth and contour 
of the groove will be controlled by the 
electrode angle and speed of travel. 
The width of the groove will be con- 
trolled by the size ofthe electrode used 
and will usually be about 1/8 in. wider 
than the electrode diameter. Fig. 9-12, 
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Fig. 9-12. Application of air carbon-arc process being 
used to gouge metal. 
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shows a casting being gouged using the 
carbon electrode arc-air process. 

The correct position of the electrode 
holder in relation to the work when cut- 
ting or gouging a shallow groove on the 
surface of metal is a very flat angle. 
The speed of travel and the current 
setting also affect the depth of the 
groove. The slower the movement the 
deeper the groove, The higher the cur- 
rent setting, the deeper the groove. 
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Fig. 9-13. A V groove gouged in 2 in. thick carbon 
steel. 


branded 


A V groove cut in 2-in. thick mild 
steel plate is shown in Fig. 9-13. This 
groove was cut by using an automatic 
machine to carry and guide the carbon 
arc-air jet holder. A fillet weld being 
removed by gouging operations is shown 
in Figs 9-14. 


9-5. AIR METALLIC-ARC CUTTING 


Metal electrode air jet cutting uses 
the same equipment as carbon elec- 
trode-air jet cutting, as explained in 
PAR. 9-3, Any metal electrode may be 
used for metal electrode air jet cutting. 
This process differs from the plain 
metal electrode arc cutting as explained 
in PAR. 9-2, in which a special cutting 
electrode is needed. Electrode sizes 
used for metal electrode air jet cutting 
should be selected on the basis of the 
metal thickness to be cut, and should 
be a size larger than what would be used 
for welding the same metal thickness. 
The current used may be either AC or 
DC reverse polarity. The current flow 
should be higher than the current re- 
quired for welding the same thickness 
of metal, 

The electrode holder is the same as 
used for the carbon electrode air jet 
cutting shown in Fig. 9-10. 

Hollow carbon electrodes and hollow 
steel electrodes have both been usedto 


Fig. 9-14. Recommended gouging sequence to be used when removing fillet weld. 


9-8 


Arc, Oxy-Arc Cutting 


ELECTRODE 
CLAMPING LEVER 


CARBON ELECTRODE 


AIR a 
HOSE VO 
FITTING T UR 
ELECTRODE 
LEAD 


Fig. 9-15. Electrode holder designed for hollow elec- 
trodes used when arc-air cutting. Note air hose fitting 
and air control lever. 


cut and gouge metal, Fig. 9-15, illus- 
trates an electrode holder and electrode. 


9-6. OXYGEN-ARC CUTTING 


This process is a combination of an 
electric arc and a jet of oxygen. The 
equipment required may be either an 
AC or DC welding machine, an oxygen- 
arc electrode holder, source of oxygen, 
and suitable oxygen-arc cutting elec- 
trodes, The process is mainly usedfor 
cutting alloy steels, aluminum, cast 
iron, etc. whichare difficulttocut using 
the oxygen-acetylene cutting process. 

This process usually makes use of a 
tubular metal covered electrode, and 
oxygen is fed through the hollow elec- 
trode. The electrode is covered if 
fluxing ingredients are needed for cut- 
ting the metal, The covering also en- 
ables the operator to holdthe electrode 
end against the base metal and still 
maintain the arc. 

The current settings are approxi- 
mately the same as for welding. A high- 
er voltage is usually used (28 - 45 volts). 

Fig. 9-16, illustrates an electrode 
holder with the electrode installed as 
it is used for oxygen-arc cutting. This 
cutting device is connectedtoanoxygen 
source using an oxygen hose, oxygen 
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Fig. 9-16. Oxygen-arc cutting electrode and holder. 
(Arcos Corp.) 


regulator, and oxygen cylinder, The 
electrical lead is connected toa current 
source as in Fig. 9-17. 
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Fig. 9-17. Schematic illustration of the main parts of 

a tubular electrode and holder as used in oxygen-arc 

cutting. This process may be used on many different 

metals such as stainless steel, alloy steel, aluminum, 
cast iron, etc. 
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To operate the cutting device, the 
operator first strikes an arc between 
the electrode and the metal to be cut. 
The oxygen valve on the holder is then 
opened, and the cut begins, as shownin 
Fig. 9-18. A continuous arc is main- 


Fig. 9-18. Tubular steel electrode being used in 
oxygen-arc cutting operation. Note operator's equip- 
ment and position of electrode. 


tained throughout the cutting operation. 
The electrode is gradually consumed as 
the cut is produced. This cutting proc- 
ess is particularly useful when working 
on metals which are difficult to cut, 
such as stainless steel and cast iron, 
The oxygen pressure usedis the same 
as described in CHAPTER 3. The 
pressure is varied as the metal thick- 
ness varies and also as the electrode 
orifice or inside diameter varies. 


9-7, REVIEW OF ARC 
CUTTING SAFETY 


Electric arc cutting does not present 
any great or new hazards, However, due 
to the fact that some cutting operations 


may continue for a considerable length 
of time and at high current rates, pre- 
cautions must be taken to avoid skin 
burns or eye damage. The following 
precautions are recommended: 

1. Be sure all surfaces of the skin 
are shielded from the arc rays. Wear 
approved gloves, helmet, and approved 
clothing. All skin surfaces must be 
adequately covered. 

2. Use helmet filter lens a shade or 
two darker than would be used for weld- 
ing with the same size electrode. 

3. Use completely insulated elec- 
trode holders. 

4. Stand or work only 
surroundings. 

5. A considerable amount of fumes 
and gases are liberated during all of 
the arc cutting operations. The venti- 
lation of the working space must be 
such that the operator is working in 
clean, fresh air at all times. 

6. Most of the arc cutting processes 
are accompanied by a great amount of 
sparking and showers of molten glob- 
ules of metal, These hot particles may 
be thrown some distance from the arc. 
You should wear garments which are 
fire-resistant. Pockets, cuffs, and other 
clothing crevices must be covered. 

7. Be sure that the working area is 
fireproof. All flammable objects such 
as wood benches, floors, or cabinets 
should be removed from the vicinity. 
Be sure there are no openings in the 
floor which might allow the sparks to 
travel to the floor below. 

8. When using the oxygen-arc proc- 
ess for cutting any type of tank or con- 
tainer, investigate its former contents, 
The container should be thoroughly 
steam cleaned and an inert gas should 
flow through the container as it is 
being cut. 

9, Since the oxygen-arc cutting proc- 
ess uses a higher electrical current 


in dry 
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than is used for welding the same 
thickness of metal, be sure that the 
welding machine has ample capacity for 
the current needed, Most welding ma- 
chines can operate for a short time at 
some overload; but if they are operated 
at an overload for any length of time, 
they may overheat and burn out. 

10. Most oxygen-arc cutting proc- 
esses are quite noisy. Therefore, such 
stations should be located where the 
noise will not be objectionable. 


9-8. TEST YOUR KNOWLEDGE 


1. How should the carbon electrode 
end be shaped for arc cutting oper- 
ations ? 

2. Should current settings for oxygen- 
arc cutting be higher, lower, or the 
same as when welding using the same 
diameter electrode? 

3. What type electrodes may be used 
on the air carbon-arc cutting process? 
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4. How far should a carbon cutting 
electrode extend from the holder ? Why? 

5. How do some metalelectrodes used 
for cutting differ from metal electrodes 
used for welding? 

6. What type welding current is sug- 
gested for the carbon electrode cutting 
process? 

7. What metals may be cut by the metal 
electrode arc cutting process? 

8. If direct current is used for metal 
electrode arc cutting, is the current 
usually straight or reverse polarity? 

9, What is one advantage of the air 
carbon-arc cutting process? 


10. What is the condition of the metal 
surface after being cut by the air 
carbon-arc cutting process? 

11. What is the approximate air pres- 
sure required when air carbon-arc 
cutting? 

12. How is the depth of the cut regulated 
when air carbon-arc gouging? 

13. What type of electrode is used with 
the oxygen-arc cutting process? 

14. Name two precautions to be taken 
when cutting with the electric arc. 

15, Why is a darker shade filter lens 
needed when arc cutting than when arc 
welding? 


Air Carbon-Arc cutting. This cut is being made on a large casting. Note that the ends of the carbon electrodes 
are designed to fit together so that there is no waste of carbon electrode material in use. 


Air carbon-arc cutting machine grooving a pressure vessel wall of 3/4 in. in thickness. The seam has been 
welded from the inside of the vessel and the external groove is being made in preparation for outside welds. 


Chapter 10 


The electric arc method of metal 
cutting is fast becoming a popular cut- 
ting process. The use of oxygen, air, 
and inert gases to remove the metal 
from the kerf has enabled the operator 
to produce both improved quantity and 
quality in arc cuts, Improved equipment 
and supplies have contributed to the 
usefulness and efficiency of arc cutting, 


air-arc cutting, and oxygen-arc cutting. 
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10-1. CARBON ELECTRODE ARC 
CUTTING EQUIPMENT 


The carbon electrode arc cutting 
process was the original method used 
to cut (or melt away) metals. 

The complete cutting outfit consists 
of: 

DC or an AC Arc Welding Machine, 

Booth with bettet than normal venti- 


Modern Welding 


lation (1,000 CFM or more). 

Electrode lead, 

Work lead. 

Special carbon electrode holder, as 
shown in Fig, 10-1. 

Carbon electrodes. 

Heavy-duty gloves. 

Heavy-duty clothes. 

Helmet with lens of #12 to#14 shade. 


1/8" DIA. CARBONS———— 


1/4".3/8"DIA.——e[( — [m Tom 


1/2" - 5/8" DIA.» ——— 


-— AX 17757 7 
ELECTRODE 


WS3/4"* DIA. CARBONS 


trodes. These two devices are de- 
scribed in CHAPTER 6. 


10-2. METALLIC ELECTRODE ARC 
CUTTING EQUIPMENT 


The equipment for metallic electrode 
arc cutting is identical to that of anarc 
welding station. All the equipment of a 


s 
ess 


RELEASE LEVER 


Fig. 10-1. Carbon electrode holders. These holders are designed for: A. 1/8-in. 
carbon--150 Amps. B. 3/16-in. carbon--200 Amps. C. 3/8-in. carbon--300 Amps. 


D. 3/4-in. carbon--500 Amps. 


The high amperage flow at the arc re- 
leases a considerable amount of heat. 
Heavy gloves and clothing must be worn 
to protect the operator from the intense 
heat of the carbon arc. The electrode 
holder often has a shield around the 
handle to protect the operator's hand 
from radiant heat, Some carbon elec- 
trode holders are water cooled, In using 
this type of equipment less protection 
from heat is required, 

Because of iron oxide fumes plus 
other air contaminants, it is very 
important to have a good ventilation 
system. 

Most of the equipment is standard and 
has already been described, The two 
most special devices of a carbon elec- 
trode arc cutting station are the carbon 
electrode holders and the carbon elec- 


(Tweco Products) 


standard arc welding station is used. 
The operator need only use the special 
steel arc cutting electrodes. 


10-3. METALLIC ELECTRODES 
FOR ARC CUTTING 


Metallic electrodes for arc cutting 
are designed to produce a high velocity 
gas and particle stream formed by the 
steel core and the covering. This action 
is created by a deeper cavity in the 
electrode end, and the resulting jet 
action of the gases produced by the arc. 
Using specialcoatings onthe electrodes 
produces these results. Somewhat the 
same result may be obtained with ordi- 
nary flux covered electrodes by usinga 
higher than normal current forthe size 
of the electrode. Special cutting elec- 
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trodes are available in standard diam- 
eters and lengths. Common sizes which 
come in 14-in. length, are 3/32, 1/8, 
5/82, 3/16) and 1/4-im 

Fig. 10-2, shows the approximate 
electrode sizes and current settings 
when using special steel cutting 
electrodes. 


METAL ELECTRODE 
THICKNESS DIAMETER 
1/8 3/32 
1/8-1 1/8 
3/4-2 5/32 
1-3 3/16 
3, over V4 


the arc end of the electrode. This deep- 
er cavity creates a stronger jet action 
which improves the cutting. Water 
soaked electrodes should be used im- 
mediately. Water soaked electrodes 
should not be used for welding because 
the moisture produces hydrogen em- 
brittlement in the weld, 


AC CURRENT  DCSP 
RANGE AMPS. AMPS. 
40-150 75-115 
125-300 150-115 
250-375 170-500 
300-450 
400-650 


Fig. 10-2. A table of suggested uses and approximate current 
settings for cutting with special steel-cutting electrodes. 


When cutting mild steel, covered 
electrodes similar to these electrodes 
used in welding may be used; however, 
a much higher welding current range 
will be required, Fig. 10-3, lists the 


METAL ELECTRODE CURRENT RANGE 
THICKNESS DIAMETER AMPS. 
1/8 3/92 100 - 160 
1/8- 1 1/8 160 --350 
3/4-2 5/32 250 - 400 
1-3 3/16 350 - 500 
3, over 1/4 400 - 650 


Fig. 10-3. Approximate current settings and electrode 
sizes for metallic arc cutting, when using standard 
welding electrodes. 


current values to use when doing var- 
ious cutting operations with standard 
covered steel electrodes. 


If mild steel electrodes are used for 
cutting, they will last a little longer if 
they are soaked in water for a period 
not to exceed 10 minutes before being 
used. The moisture in the coating 
slows the vaporizing of the material 
thus producing a deeper cup (cavity) at 


10-4, AIR CARBON-ARC 
CUTTING EQUIPMENT 


The equipment used for cutting using 
the electric arc in combination with a 
high pressure air jet is as follows: 

Standard arc welding machine. 

Air compressor or compressed air 
in cylinders (for small applications). 

Air carbon-arc torch equipped with 
an air jet device. 

Electrode lead. 

Compressed air hose (sometimes 
combined with the electrode lead, as 
shown in Fig. 10-4). 

Work lead. 

COMBINED 


-———— 
EBES 


AIR AND 
TRICAL LEAD 


i ———— 
INSULATING BOOT 
(RETRACTED POSITION) 


i 
e Ub 


AIR HOSE 
INSULATING BOOT 


(NORMAL POSITION) 
ELECTRODE 
LEAD 


—M»- «- 
ELECTRODE AIR HOSE 


LEAD 


Fig. 10-4. Combination welding lead and air hose 
assembly. (Arcair Co.) 
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x 
CARBON ELECTRODE 


CARRIAGE 
AND TRACK 


Fig. 10-5. Automatic air carbon-arc cutting machine. 


Carbon electrodes. 

The usual gloves, special clothing, 
booths, ventilation devices, benches, 
and the like are required, Darker lens 
(12-14) are usually used in the helmet, 

The air carbon-are process may be 
used in conjunction with a motorized 
carriage to cut and gouge metal, Fig. 
10-5, shows an air carbon-arc holder 
mounted on a motorized carriage. 


10-5. COMPRESSED AIR SUPPLY 


The air is fed to the air carbon-arc 
torch jet at 60 to 100 psig. This air 


AIR JETS 


--——AIR FLOW 


should contain a minimum of abrasives 
and moisture. A sufficient amount of air 
must flow through the jet to remove 
the molten metal. The size of the air 
compressor and hose varies with the 
size of the cutting job. The air com- 
pressor is automatically controlled to 
turn on and off by an air pressure 
operated electrical switch. The air flow 
to the hose is kept at a constant pres- 
sure by means of a pressure regulator. 
A hand valve on the torch controls the 
on and off operation of the air flow. 
"Bottled"! compressed air (air stored 
in cylinders) may be used when port- 
ability is desired, where accessibility 
to the job is a problem, and where the 
cutting project is of small size. 


10-6. AIR CARBON-ARC 
ELECTRODE HOLDER 


The air carbon-arc electrode holder 
(torch) is similar to the standard elec- 
trode holder except for the air passage- 
ways, the air on-and-off valve, and the 
air orifice for the air jet, Fig. 10-6. 


CARBON ELECTRODE 


ELECTRODE 
CLAMP LEVER 


COMBINATION 
AIR HOSE AND 
ELECTRODE LEAD —— (2 


Fig. 10-6. An air carbon-arc electrode holder with carbon electrode installed. 
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The electrode lead and hose con- 
nections are usually made atthe handle 
end of the torch. The air valve is 
mounted inthe handle andis either lever 


BEHIND 


are copper plated or copper clad toin- 
crease the strength, reduce the oxida- 
tion of the electrode body, and to re- 
duce the temperature of the electrode, 


GROOVE 


ELECTRODE HELD 
AT AN ANGLE OF 
APPROXIMATELY 5° 
TO THE PLATE 


Fig. 10-7. Air carbon-arc electrode holder and car- 
bon electrode being used to gouge a metal plate. 


or button operated. Most of these valves 
have a lock-open feature to enable the 
operator to keep the air flowing, and 
still have a comfortable hand position 
on the handle. 

It is very important that the air jet 
be directed as close as possible to the 
arc crater. Any misalignment or abuse 
of the air orifice may produce below 
average results. Fig. 10-7, shows the 
electrode holder in position and pro- 
ducing a gouge in a metal plate. 


10-7. AIR CARBON-ARC 
ELECTRODES 


These electrodes are obtainable in 
the carbon form, graphite form and in 
a mixture of carbon and graphite. The 
electrodes are usually made of a mix- 
ture of carbon and carbon inthe graph- 
ite form. Some ofthe carbon electrodes 


The copper coating does not add appre- 
ciably to the conductivity of the elec- 
trode. Fig. 10-8, shows a table of car- 


DIA. OF AMPERES 
ELECTRODE MIN. MAX. 
5/32 80 150 
3/16 110 200 
1/4 150 350 
5/16 200 450 
3/8 300 550 
1/2 400 800 
5/8 600 1000 
3/4 800 1400 


Fig. 10-8. Table of current settings 
for air carbon-arc cutting electrodes. 


bon electrode sizes and the approxi- 
mate current settings for each, The 
table, Fig. 10-9, shows cutting speeds 
and results. 

Standard carbon electrodes are best 
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used with DC reverse polarity. Elec- 
trodes are also available for use with 
AC. The AC carbon electrodes are 


shown in Fig. 10-10. 
Reverse polarity is commonly used 
when cutting steel, and stainless steel, 


"US GROOVE ‘ELECT. ELECT. TRAVEL FEET OF FEET OF 
WIDTH DEPTH DIA. FEED SPEED GROOVE PER GROOVE PER 
INCHES INCHES INCHES AMPERAGE VOLTS I.P.M. I.P.M. ELECTRODE MINUTE 

3/8 3/32 1/4 270 40 4 54. 10.25 4.5 
3/8 1/8 1/4 300 42 4 5175 9.75 4.5 
3/8 3/16 1/4 300 40 6.75 38.25 4. 3.18 
3/8 1/4 1/4 320 42 6.25 29.5 25 2.05 
3/8 3/8 1/4 320 46 3.62 19: 3: 1.25 
Deeper Grooves may be made by successive passes with combination of settings: 
3/8 1/8 5/16 320 40 65.5 16.37 5.45 
1/2 3/16 5/16 400 46 4.37 46. 7.87 2:87 
1/2 1/4 5/16 420 42 3.87 a e 6. 2.6 
1/2 172 5/16 540 42 5.62 27.29 355 2.25 
Deeper Grooves may be made by successive passes with combination of settings: 
1/2 1/8 3/8 540 42 4.25 82. 14.37 6.83 
172 1/8 3/8 540 42 ded 65.5 14.5 5.45 
17/32 3/16 3/8 540 42 2.62 41.75 14.12 3.48 
5/8 1/4 3/8 540 42 3. 29.5 HAS 245 
9/16 1/2 3/8 540 42 325 15. 3.46 1:25 
1/2 11/16 3/8 540 42 305 1225 4.29 1.02 
For Grooves deeper than 1/2" combinations of settings with multiple passes are recommended: 

11/16 1/8 1/2 800 45 3.06 34. 8.5 2:78 

13/16 1/4 1/2 800 45 3.06 22.5 6.37 1.87 

13/16 3/8 1/2 800 45 3.06 20.75 4.87 175 

13/16 1/2 1/2 800 45 3.06 18.5 4.5 1.5 

7/8 5/8 1/2 800 45 3.06 15. Er 1:25 
7/8 3/4 1/2 800 45 3.06 12:5 2:5 1.02 
Deeper Grooves may be made by successive passes with a combination of settings: 

15/16 1/8 5/8 2:5 44.5 19:75 3:62 

15/16 1/4 5/8 900 42 2:5 2055 8.5 2:5 

15/16 3/8 5/8 900 42 2.9 20. 5.62 1.85 

] 1/2 5/8 900 42 2:5 14.5 3162 1.25 

] 5/8 5/8 900 42 2-5 13. 3.5 1.08 

1 3/4 5/8 900 42 2:5 M. 3.15 203 

1 1 5/8 900 42 2.5 10. 2:12 .84 


Combination of settings and multiple passes may be used for grooves deeper than 3/4"*: 


Fig. 10-9. Table of current settings, speeds, electrode wear, depth of grooves, etc. for air carbon-arc elec- 

trode cutting. All figures are for standard DC copper clad electrodes, DCRP. Air pressures throughout are 

80-100 psig. A 100 psig pressure is recommended for 1/2 and 5/8-in. electrodes. The figures are for car- 
bon steel, but are valid for other materials with slight variations. 


available in 3/16, 1/4, 3/8, and 1/2 in. 
diameters, Most carbon electrodes are 
available in standard 12 in. lengths. 
As shown in Fig. 10-8, some of the 
current ratings are quite high and the 
arc welding machine must be of ample 
capacity. Two or more standard ma- 
chines may be connected in parallel to 
give the current capacity needed as 


while straight polarity is used for nickel 
alloys. Both DCSP and DCRP are usable 
on cast iron and copper alloys. Alter- 
nating current is alsoused when carbon 
electrodes especially made for AC are 
available. | 

If one encounters slag problems when 
cutting with carbon electrodes, it may 
be better to use metal electrodes, Spe- 
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PUSHBUTTON 
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T 3/4'* CARBON ARC 
Lect E TIE. Ey usb | 
REMOTE 
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REMOTE WELDING 
CONTROL ani 
REMOTE 
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600 AMP. 600 AMP. 


| 


JUNCTION 
BOX 


Fig. 10-10. Wiring diagram for connecting two DC arc welders in parallel. An operator can pad-wash with 3/4- 
in. dia. electrode, reduce amperage and remove fins and defects with 3/8-in. electrodes, then reduce amperage 
further and weld defects. 


cial metal electrodes have been devel- Work lead (ground cable). 
oped to cut such metals as cast iron, Electrode lead (cable). 
copper alloys, or nickel alloys. Booth, 
Ventilation system, 
10-8, OXYGEN-ARC CUTTING Bench, 
EQUIPMENT The special equipment needed is: 
Special oxygen-arc torch, 
Oxygen-arc cutting equipment is a Oxygen-arc cutting electrodes. 


combination of a gas welding, and an 


arc welding station. It uses the usual 10-9, OXYGEN-ARC CUTTING 


gas station equipment as follows: ELECTRODE HOLDER 
Oxygen cylinder. 
Oxygen regulator. The electrode holder (torch) is de- 
Oxygen hose. signed to hold either ceramic tubular 
It uses the following parts of an arc electrodes, carbon tubular electrodes, 
welding station: or metal tubular electrodes. On some 
Arc welding machine. models, a special cap equipped with an 
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oxygen orifice is designed to fit over 
the end of the electrode mounted in the 
electrode holder. The clamp or collet 
which holds the electrode, alsocarries 
the current into the electrode (similar 
to the standard electrode holder). A 
soft special gasket seals the opening 
where the electrode contacts the oxygen 
orifice cap (neoprene or silicon rubber 
are common gasket materials). 

Some torches use a collet system to 
hold the electrode. The collet provides 
the joint to seal against oxygen leakage, 
and provides an area of electricalcon- 
tact with the electrodes. 

A hand valve is mounted on the elec- 
trode holder to control the oxygen flow. 


10-10. OXYGEN-ARC CUTTING 
ELECTRODES 


The electrode consists ofasteeltube 
covered with a flux coating. The tube 
carries the arc current, the inside of 
the tube is the oxygen passageway, and 
the covering serves as an insulator, a 
means to maintain the correct arc 
length, and to provide fluxing agents to 
improve the cutting. 

These electrodes are available in 
3/16 and 5/16 in. outside tube diameters 
with 1/16 and 1/10 in. inside diameters 
respectively. These electrodes are 
made in 14 and 18 in, lengths. 


10-11. TEST YOUR KNOWLEDGE 


1. When arc cutting, what energy is 
used to heat the metal to the melting 
temperature? 

2. What action removes the metal from 
the kerf during the carbon-arc cutting 
process? 

3. How should the operator's hand be 
protected during a manual carbon-arc 
cutting operation? 

4. Why are some carbon electrodes 
copper coated? 

5. Can air carbon-arc cutting be done 
using solid electrodes?. 

6, Is the air turned on before or after 
the arc is produced? 

7. Why should the operator point the 
electrode away from himself when using 
the air carbon-arc process? 


8. When is it advantageous to use 


cylinder (bottled) compressed air? 

9. What is the position relationship be- 
tween the air jet and the carbon 
electrode? 

10. Can carbon electrodes be used with 
AC arc cutting machines? 

11. What should be done if slag appears 
in the kerf when using carbon elec- 
trodes for cutting? 

12. How is oxygen fed tothe kerf during 
oxygen-arc cutting? 

13. What is the purpose of the collet on 
some oxygen-arc cutting electrode 
holders? 

14. Does the carbon electrode wear 
during a carbon electrode air carbon- 
arc jet operation? 

15. Are any carbon-arc electrode hold- 
ers water cooled? 
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INERT GAS-ARC 
WELDING 


It has long been known that welds will 
have better chemical and physical prop- 
erties if the air can be kept away from 
the welding operation. Such gases as 
oxygen, hydrogen, nitrogen, and water 
vapor (moisture) all tend to reduce the 
quality of the weld. Dirt, dust and 
metal oxides (contaminants) also re- 
duce the weld quality. 

Gases from fluxes and inert gases are 
used to keep contaminants from con- 
tacting the metals, and also to remove 
contaminants from the metal surfaces 
and the molten metals in many solder- 
ing, brazing, and welding processes. 


11-1. GAS-ARC WELDING 
PRINCIPLES 


The principle of gas-arc welding is 
quite simple. The electrode holder, 
often called a torch, is designedto also 
supply a flow of inert gas (gas without 
active properties, such as carbon diox- 
ide, helium, argon) which surrounds the 
electric arc. Fig. 11-1, illustrates the 
basic inert gas arc welding principle. 

The purpose of using inert gas during 
arc welding is to keep oxygen and other 
contaminants away from the high tem- 
perature molten metal. The inert gas 
also keeps other active elements exist- 
ing in the atmosphere away from the 
molten metal. By eliminating oxidation 
and other impurities, welds are possi- 
ble on metals whichare impractical, or 
very difficult to weld using other arc 
welding methods. 
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The inert gas method may be used 
either manually, semiautomatically, or 
completely automatically. The manual 


ELECTRODE 
NOZZE 


GAS SHIELD 


M ARC 


PUDDLE 


Fig. 11-1. Inert gas arc welding principle. 


and semiautomatic processes are dis- 
cussed in this chapter while the auto- 
matic piro@esses are discussed in 
CHAPTER 17. 
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When performing gas-arc welding, 
the electrode holder provides for a 
flow of inert gas which surrounds the 
electrode and as it flows it pushes the 
atmospheric air away from the elec- 
trode, arc, and weld puddle. 

Inert gas arc welding has three great 
advantages over the usual forms ofarc 
welding. These advantages are: 

1, Faster. 

2. Cleaner welds. 

3. The ability to weld metals previ- 
ously impossible, or very difficult, to 
weld. 

One of the advantages of the faster 
Speed, is that it minimizes distortion 
and saves time. 

The costs by percentage, for welding 
supplies for inert gas arc welding are 
approximately: 

Tungsten electrodes (when used) 3% 

Electric power 5% 

Inert gas 92% 

As mentioned before, the inert gas 
process is much faster than regular 
gas welding. Accordingly, the labor 
saving is considerable, and the pro- 
ductivity ofaunitis much greater. Also, 
the elimination of costly cleaning oper- 
ations after each weld, or after each 
pass in a weld joint, saves considerable 
time and labor, 


11-2. TYPES OF GAS-ARC WELDING 


There are four principal variations 
of the gas-arc welding process: 

1. Gas tungsten-arc welding (TIG). 

2. Gas metal-arc welding (MIG). 

3. Gas carbon-arc welding (CIG). 

4, Arc-spot welding (Gas Shielded). 

The following paragraphs describe 
these processes and how they are used. 

Three types of current flow are used 
in inert gas-arc welding: 

1, Direct current, straight polarity 
(DCSP). 


2. Direct current, reverse polarity 
(DERE): 

3. Alternating current. 

See Fig. 11-2. Note that the electrons 
travel in the opposite direction to the 


à 
ELECTRONS d Q GAS IONS 
2/3HEAT 
D.C. STRAIGHT POL. 
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L 
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/ 1/3 HEAT 
D.C. REVERSED POL. 
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S.P. R.P. A.C. 


Fig. 11-2. The three basic electrical circuits used 

for inert gas arc welding showing DC Straight Polar- 

ity (DCSP); DC Reverse Polarity (DCRP), and AC. 

Note direction of travel of electrons. The lower draw- 

ing shows the relative penetration obtained when each 
of the three types of welding current is used. 


flow of gas ions, Ions are gas mole- 
cules temporarily reduced to electri- 
cally charged atoms or electrically 
charged particles other (and smaller) 
than atoms, These actions are part of 
the electron theory. The bottom view 
shows the effect of these energy flows, 
on the melting of the base metal, 

When using direct current straight 
polarity (DCSP) good penetration is 
obtained because the electron stream 
flows to the work, concentrating the 
heat at the work. 
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When using direct current reverse 
polarity (DCRP), good cleaning action 
is obtained but weld penetration is not 
great since most of the heating effect 
takes place at the tungsten electrode 
(anode) or electrode welding wire. This 
process is best used on thin sections 
of aluminum, magnesium and other 
hard-to-weld materials using tungsten 
electrodes. 

When using alternating current with 
high frequency (ACHF) both good clean- 
ing action and good penetration may be 
obtained. 

When performing gas metal-arc 
welding (MIG) the heat flow from the 
arc is somewhat different, since the 
metal electrode is melting and globules 
of molten metal flow from it tothe weld. 

Gas metal-arc welding is performed 
by using direct current reverse polarity 
(DCRP). It should be noted that this arc 
gives both good cleaning action and fast 


filler metal deposition rates. A rather 
high welding current is desirable as 
this extra current breaks up the glob- 
ules of molten metal into a fine spray. 
This increases the rate of transfer and 
gives better control of the arc, so that 
it can be directed accurately into the 
weld joint, This process can also be 
used with low current flows for thin 
metal welds and poor fit joints, PAR. 
11-11, and 11-12, explain the spray 
method and dip transfer in more detail, 


11-3. GAS TUNGSTEN-ARC WELDING 
PROCESS (NONCONSUMABLE 
ELECTRODE) (GTAW) (TIG) 


This process uses a nonconsumable 
tungsten electrode. The electrode is 
mounted in a special electrode holder 
which also is designed to furnisha flow 
of inert gas around the electrode and 
around the arc. Basically the process 


Fig. 11-3. The gas tungsten-arc welding torch being used to weld lap joint. (Dow Metal Products) 
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consists of striking an arc between the 
base metal and a tungsten electrode in 
an atmosphere of inert gas (helium. 


E TORCH 
7 


Fig. 11-4. Complete gas tungsten-arc weld- 
‘ing outfit. This unit has an air-cooled torch. 


argon, carbon dioxide, or some inert 
gas mixture). CHAPTER 12, describes 
the various inert gases and their uses, 
while CHAPTER 28, describes some of 
the chemical and physical properties of 
these same gases, The filler metal 
(when necessary) is appliedina manner 
somewhat similar to the method used in 
gas welding, Fig, 11-3. This processis 
often known as the TIG (Tungsten Inert 
Gas) process. However, the correct 
name (A.W.S.) is Gas Tungsten-Arc 
Welding (GTAW). Fig. 11-4 shows a 
diagram of a gas tungsten-arc welding 
outfit, while Fig. 11-5 shows atungsten 
electrode torch assembled, witha? in. 
tungsten electrode. 


11-4. SETTING UP GAS TUNGSTEN- 
ARC WELDING STATION 


The complete station consists of: 
Booth, Ventilating System, Bench, Arc 
Welding Machine, Inert Gas Cylinder, 
Cylinder Regulator and Flow Meter, 
Inert Gas Hose, Electrode Lead, Ground 
Lead, Special Tungsten Electrode Hold- 
er (Air cooled), and Inert Gas Shut- 
Off Valve. 


CABLE 
AND HOSE 


The items just referred to, are for 
an air-cooled station. If the torch is 
water cooled, the station has the follow- 


ARGON HOSE 


G 
REGULATING 
EQUIPMENT 


WELDING 
CABLE 


ARGON GAS SUPPLY 


ing additional equipment: Water Valve, 
Water Supply Hose, Water Drain Hose, 
and Tungsten Electrode Holder (Water 


Cooled). 
In most cases the water hose, inert 


gas hose, and welding lead are all in one 


CERAMIC 
NOZZLE 


z 


ELECTRODE GAS LENS ~ 
WITH INSULATOR 


GAS LENS 


Fig. 11-5. Gas tungsten arc torch. This torch uses 
several fine-mesh screens (gas lenses) to produce a 
smoother inert gas flow (reduce turbulence). 


(Linde Co.) 


jacket and form one lead. Common 
practice is to flow the outlet water along 
the electrode lead. This water cooling 
permits using a smaller diameter lead, 
which provides a lighter weight torch 
and greater flexibility, Fig. 11-6. 

Fig. 11-7 illustrates a complete 
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inert gas tungsten electrode arc welding scribed in previous chapters. Because 
station in use, Note that the current the electric arc is completely exposed, 
rate (foot control) and the gas flow it is very important that the operator's 


[| 


ARGON HOSE GAS 
REGULATING 
EQUIPMENT 
TORCH WATER 

CABLE OUTLET HOSE 

[E ui) DRAIN 


FUSE & HOSE YG 


ASSEMBLY OR WELDING CABLE 
CABLE ADAPTOR 


WATER To ol 
WATER m 
Fig. 11-6. Schematic of a water-cooled INLET HOSE SUPPLY POWER cC 
gas tungsten-arc welding outfit. SUPPLY 
(regulator and flow meter) are adjust- eyes andbody be protected from the arc. 
able to the weld requirements. The bench is typical. The arc welding 
The booth and ventilation are as de- machine may be either a motor-gener- 


Fig. 11-7. Complete gas tungsten-arc welding station being used to weld a joint 
on nose section of aircraft auxiliary fuel tank. (Harnischfeger) 
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ator unit, or a rectifier unit. Most of 
the welding machines use a high fre- 
quency superimposed current in the 
circuit to aid in starting the arc, 


FLOATING CALIBRATED 
INDICATOR TUBE 
BALL 


li 


ZZ 27 


OUT 7777777 Ze o 
Er 


E 


Fig. 11-8. Schematic of an inert gas flow meter used 

on gas-arc welding outfits. When adjusting this gauge, 

the top of the ball indicates the gas flow through the 
meter in cubic feet per hour. 


ZZ 


GAS 


DIRECT CURRENT 


TUNGSTEN SP RP 
DIA. HELIUM HELIUM 
.040 50 
1/16 50- 125 10 - 20 
3/32 125- 225 20 - 35 
1/8 200 - 300 25- 50 
3/16 250 - 350 30-75 
1/4 300 - 475 40-125 


The inert gas cylinder is very similar 
to the oxygen cylinder in design, as is 
the regulator. The same handling and 
use precautions as described in CHAP- 
TERS 1 and 2, are applicable for these 
cylinders. However, the consumption of 
the inert gas is measured differently. 
Instead of using psig measurements, 
the cubic feet per hour measurement is 
used (quantity of flow). A cross section 
of a flow meter is shown in Fig. 11-8. 
The scale on the calibrated tube meas- 
ures the cfh of the gas flow. 

The cables and hose with their con- 
nections are very similar to those de- 
scribed previously for other types of 


welding. All connections; inert gas, 
water, and electrical, must be clean 
and tight. 


The only other major difference is 
the torch, A typical torch and cable 
assembly is shown in Fig. 11-9. 


OFF-ON VALVE 
FOR GAS 


% CURRENT 
& TERMINAL NÑ 


GAS 
CONNECTION 


Fig. 11-9. A gas tungsten-arc torch and cable. This 
torch has an off-on valve used to control the inert 
gas flow. (Air Reduction Sales Co.) 


ALTERNATING CURRENT 


SP 

ARGON HELIUM ARGON 

65 MIN.-30 MIN. - 40 

65- 150 20-115 20-60 
140 - 280 100-185 50-100 
250 - 375 150-225 75-175 
300 - 475 200-340 150-240 
375 300-445 175-375 


Fig. 11-10. Tungsten electrode sizes and the suggested current capacities for 
each, based mn the diameter, the type of gas used, and the type current used. 
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ARGON CUP 

TUNGSTEN VOLUME OPENING FILLER WIRE 

THICKNESS, NO. CURRENT, DIAMETER, CU. FT./ DIAMETER, DIAMETER, 
INCH PASSES AMPERES INCH HR.! SIXTEENTHS  INCH 
0.051 1 70 1/16 12 5-7 1/8 
0.064 1 80 3/32 14 7 1/8 
0.081 1 90 3/32 14 7 5/32 
0.101 1 120 1/8 15 7-8 5/32 
0.125 1 140 1/8 15 7B 5/32 
0.187 1 160 1/8 15 uo 3/16 
0.250 2 220 3/16 20 8 3/16 
0.375 2 300 1/4 24 8-10 1/4 
0.500(2) 3.4 400 1/4 24 10 1/4 
1.000(2 10-14 500 5/16 30 10242 5/16 
2.000(2 20-30 600 5/16 30 10-12 5/16 


1 5 " 
Multiply reading on oxygen flowmeter by 1.5 to convert from liters per minute to cubic feet 


per hour of argon gas. 


? Preheat to 4009 F. 


Fig. 11-11. Table of gas tungsten-arc AC settings 
for welding aluminum when using argon gas. 


11-5. STARTING GAS TUNGSTEN- 
ARC WELDING STATION 


Before starting a welding station, the 
station must be carefully checked, All 
electrical arc circuit connections must 
be clean and tight. The inert gas fittings 
must also be tight. The inert gas cylin- 
der must be securely mounted to pre- 
vent injury to personnel, and to the 
cylinder. 

Adjustments for tungsten electrode 
amperage when welding mild or stain- 
less steel, are shown in Fig, 11-10. 
When welding aluminum, alternating 
current is recommended and the station 
adjustments are as shownin Fig, 11-11. 

Direct current straight polarity 
(DCSP) is most often used, DCRP can 
be used but the current flow must be 
greatly reduced (reduce to approxi- 
mately 1/5 to 1/8 the DCSP value). 

The amperage for the metal thick- 
ness being welded is very similar to 
standard arc welding practice. The 
electrode cup size must be varied with 
the electrode size, and consequently the 
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current and the gas flow must be ad- 
justed accordingly. Always follow the 
equipment manufacturer's recommen- 
dations. Fig. 11-12, lists some approxi- 
mate cup inside diameters and amounts 
of gas flow, as they vary with tungsten 
electrode diameter. 


TUNGSTEN NOZZLE HELIUM 
ELECTRODE SIZE GAS FLOW 
DIAMETER INSIDE DIAMETER CU. FT./HR. 
.040 5/32- 3/8 1 
1/16 5/16 - 3/8 15 
3/32 3/8- 1/2 18 
1/8 3/8- 1/2 25 
5/32 1/2- 5/8 32 
3/16 5/8 40 


Fig. 11-12. Approximate nozzle (cup) inside diame- 
ters and gas flow values as related to tungsten elec- 
trode diameter. 


To start the unit, use the following 
steps: First, be sure that the inert gas 
and water (if water cooled) are flowing 
or turned on, These fluids are con- 
trolled by either manual valves built 
into the electrode holder or into the 
torch hanger. Or, the gas flow may be 
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controlled automatically through elec- 
tric relays and solenoid valves. 

Adjust the water flow and the inert 
gas flow. The water flow will vary be- 
tween 12 to 23 gal. per hour. The im- 
portant measurement is that the water 
temperature should rise only 10 deg. F, 
Gas flow rates shown in Fig. 11-13 
are typical. 

The tungsten electrode must be 
properly shaped to produce good re- 


METAL 

KIND THICKNESS 
Steel .035- 3/32 
Cast lron 1/4 
Stainless Steel 1/16 - 1/8 
Stainless Steel 3/16 - 1/4 
Copper 1/16 - 1/4 
Magnesium 1/16 - 1/8 


wise, with the old balled end inside 
the torch and a new spherical end on 
the arc end ofthe electrode, itis neces- 
sary to break the electrode to remove 
it from the collet, The electrode must 
be straight, and if ground, the point 
must be concentric (in the center) or 
the gas flow will be off center from 
the arc. 

To ball the electrode for AC weld- 
ing, use DCRP and strike an arc for a 


GAS FLOW CU. FT./HR. (CFH) 


ARGON HELIUM *CO» 
8- 10 20 - 30 8-10 
16 40 --- 
11 30 e 
13 32 "zr 
15 38 zaz 
10 25 sas 


Fig. 11-13. A table of suggested inert gas flow rates for dif- 
ferent metals. *CO is currently used exclusively on steel. 


sults. With AC the electrode should have 
a spherical end, With DCSP the elec- 
trode should be ground to a point as 
shown in Fig. 11-14. Caution: When 
inserting a used AC tungsten electrode 
in a collet, be sure the spherical end 
is at the arc end of the collet, Other- 


TUNGSTEN 
EEECTRODE 


/ 


COREE 


DESE 


DCRP AC 


Fig. 11-14. The correct shape of tungsten electrodes 
for DCSP, DCRP, and AC gas tungsten-arc welding. 


moment on a piece of carbon orapiece 
of copper. The ball diameter should be 
only very slightly larger than the origi- 
nal diameter of the tungsten electrode. 


11-6. STRIKING THE ARC 


When using alternating current, the 
unit will need superimposed high fre- 
quency. Hold the torch horizontally 
over the metal starting block or work, 
Then, very quickly tilt or swing the 
torch to the upright position with the 
electrode reaching a point 1/8in. above 
the metal, With alternating current and 
with the superimposed high frequency, 
the arc will jump this gap. 

If DC is used without superimposed 
high frequency, the tungsten must be 
touched tothe metal and then withdrawn, 
It is best totouchthe tungsten electrode 
to a tungsten block, ortoausedtungsten 
electrode, as this action will help keep 
the tungsten electrode clean. 

The welding machines designed for 
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gas tungsten-arc welding, whether AC 
or DC or both, incorporate a built-in 
high frequency arc starting circuit, 
This high frequency current may be 
connected in such a way that it will 
operate continuously (as in AC welding), 
or, an electrical relay may be used to 
disconnect the high frequency circuit, 
once the arc is started (as in DC 
welding), 

The tungsten electrode torch should 
be warmed by practicing on a scrap 
piece of metal, before starting the 
weld, This practice will warm both 
the electrode and the nozzle and will 
give good starting results on the job. 
Fig. 11-14A shows the electrode holder 
and the filler wire, welding rod, in the 
proper operating position for flat po- 
sition welding. 


MANUAL WELDING 


FILLER 
WIRE -a 


Z 


| ELECTRODE 
L7 HOLDER 


DIRECTION 
OF WELDING 


———— 


TUNGSTEN EL ECTRODE— | t. UNWELDED SEAM 


Fig. 11-14A. The correct positions of the tungsten 
electrode and the filler wire when manual gas tung- 
sten-arc welding. 


The tungsten electrode should ex- 
tend out of the cup a length equal to 
the inside diameter of the cup (for fillet 
welds it should extend a little further). 
Too long an electrode extension will 
reduce the shielding effect. 


11-6A. GAS TUNGSTEN-ARC 
WELDING INSTRUCTIONS 
(GTAW) (TIG) 


During all arc welding processes, 
when DCRP and when AC is used, the 
arc has a cleaning effect on the base 
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metal surface, and therefore these 
electrical circuits are used especially 
with aluminum and stainless steel, 
This action is called the cathodic 
cleaning effect (work negative polarity 
all the time or part of the time), Argon 
gas is recommended if this cleaning 
effect is desired. 

' However, the metal must still be 
cleaned before welding. Aluminum is 
best cleaned with clean stainless steel 
wire brushes, wiped, and then chemi- 
cally cleaned with clean acetone 
(Caution: Acetone is extremely flam- 
mable!) within one hour before welding. 

For high quality welding, most steel 
alloys should be at a temperature of at 
least 60 deg. F. before welding. Alumi- 
num should be heated to 120 deg. F. be- 
fore welding (to remove moisture). Be- 
tween welding passes, the metal should 
be allowed to cool to approximately 
350 deg. F. for steel and approximately 
300 deg. F, for aluminum, 

Back up inert gas should be used to 
protect the root or penetration side of 
a weld. Before starting to weld, purge 
the back up space five or six times 
with spurts of inert gas, then feed the 
inert gas slowly and continuously as 
weld progresses, Be sure there is a 
relief opening for the back up gas to 
prevent pressure build-up if welding 
a closed structure. 

Sometimes the start of a weld will 
have small cracks. These can be de- 
tected by using either a magnifying 
glass or a dye penetrant, Thesecracks 
must be removed by grinding, chisel- 
ing, wor Dbufhhp, and then rewelditig, 
Overheating may also cause cracks, 
and these, too, must be removed and 
repaired. 

The crater formed at the end of a 
weld bead should also be carefully in- 
spected, If it has cracks or inclusions, 
these should be removed andthe crater 
welded again. 


Fig. 11-15. The recommended sequence of passes 
when welding pipe. The numbers represent the start- 
ing point for each pass, in sequence. 


When welding pipe, for best results 
weld short passes on alternate sides 
of the pipe. On pipe less than 6 in, in 
diameter, each pass should be notover 
2 in. in length. For pipe 6 in. or over 
in diameter, each pass may be 3 in. in 
length. 

Fig. 11-15 shows the proper sequence 
of passes when welding pipe. 


11-7. PREPARING METAL FOR GAS 
TUNGSTEN-ARC WELDING 


The preparation of the metal and the 
design of the joint for gas tungsten-arc 


REMOTE AMPERAGE 
CONTROL LEAD 


e^ pcs NE i pm 
TORCH Eos 


Fig. 11-16. Gas tungsten-arc welding grille assem- 
bly. The operator is using both a remote contactor 
control and a current control. 


(Miller Electric Mfg. Co.) 


welding, is very similar to the prepa- 
ration and joint design for gas and 
metal-arc welding. 

Standard 60 deg. grooves are used 
for most joints of more than 3/32 WX 
thickness, although excellent results 
have been obtained with no edge prepa- 
ration, The joint should be backed, if 
possible, to exclude oxygen and other 
impurities, in addition to promoting 


ALTERNATING 


CURRENT * DIRECT CURRENT 

WI TH HIGH- STRAIGHT REVERSE 

FREQUENCY POLARITY POLARITY 
MATERIAL STABILIZATION (DCSP) (DCRP) 


Magnesium: up to 1/8 in. thick X NR XX 
above 3/16 in. thick X NR NR 
castings X NR XX 
Aluminum: up to 3/32 in. thick X NR XX 
X 
X 


over 3/32 in. thick NR NR 

castings NR NR 

Stainless steel XX X NR 
Deoxidized copper NR X NR 
Brass alloys XX X NR 
Silicon copper NR X NR 
Silver XX X NR 
Low-carbon steel, 0.015 to 0.030 in. XX X NR 
0.030 to 0.125 in. NR X NR 

High-carbon steel, 0.015 to 0.035 in. XX X NR 
0.030 in. and up XX X NR 

Hastelloy alloys XX X NR 
Silver cladding X NR NR 
Hard-surfacing X X NR 
Cast iron XX X NR 

CODE: X - Excellent 
XX - Good 


NR - Not recommended 


Fig. 11-17. Table showing type of welding current recommended for arc welding various metals. 
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better fusion through the metal, Other 
metals, carbon blocks, or an inert gas, 
can be used for backing up a weld to 
keep out the atmosphere when welding 
such metals as magnesium, titanium, 
and zirconium, 

Flange joints are the best to practice 
on until you become adept in handling 
the torch, After good welds are made 
in flange butt joints and in outside 
corner joints, it is advisable to start 


WELDING | 
WIRE GUIDE 


WELDING 


definite speed and the filler metal weld- 
ing wire, if needed, is fed automatically 
to the weld puddle, Fig. 11-18 shows the 
principles of an automatic operation. 
See Chapter 21. 


11-8. GAS TUNGSTEN-ARC 
WELDING PRACTICE 


After the arc has been struck and the 
welding process started, use the small- 


"T CRATER TOP VIEW 
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WIRE GUIDE 


Fig. 11-18. Schematic of automatic welding using gas tungsten-arc process. 


practicing welding all the joints using 
filler metal welding rod as shown in 
Fig. 11-16. 

The kind of metal being welded must 
be known. The type of electric current 
needed for different metals is shown 
in Fig. 11-17. 

Gas tungsten-arc welding can alsobe 
done automatically. Either the torchor 
the metal being welded is moved at a 


est circular motion possible, and make 
a small puddle in the spot where the 
weld is to begin. The electrode holder 
should be held at an angle of 60 to 80 
deg. with the work. This position is 
somewhat steeper than when welding 
with the oxyacetylene torch, andis used 
to protect the weld puddle with the inert 
gas. The molten puddle may be made to 
move the same as withthe oxyacetylene 
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or use the foot control to reduce the 
current flow. Always keep the gas 
flowing until the tungsten is cool, or the 
tungsten will become corroded and will 
also be consumed too rapidly. This gas 
flow will also protect the weld puddle 
until it has cooled sufficiently. 

The inert gas arc torch can be used 
to produce welds in the flat, horizontal, 
vertical, and overhead positions, Prog- 
ress is normally downward when weld- 
ing in a vertical position. 

Welding with a tungsten electrode, 
Fig. 11-20, will be considerably im- 
proved if one remembers the following 
directions: 

1. Keep tungsten electrodes clean 
and straight. 

2. Keep end of electrode in proper 
condition: 

The end of the tungsten elec- 
trode should always be kept clean 
and smooth. 

The end of the AC electrode 
should be rounded. For DCSP, 
use an electrode ground to a 
point, 

3. Be sure to use the correct size 


wen 


Fig. 11-19. Weld being made using a welding rod and 
gas tungsten-arc. Note relative position of each. 


(Falstrom Co.) 


torch, The motion, if one is used, must 
be much smaller than the puddle. 

If a filler metal welding rod is being 
used, move the arc to the back edge of 
the puddle, insert the rod in the front 
edge of the puddle, and then bring the 
arc forward to move the puddle a ripple 


length along the direction of the weld, 
Hold the welding rod at a very flat angle 
(approx. 20 deg.) as shown in Fig. 
11-19. To stop the arc, lift the electrode 
holder quickly until the arc is broken 


© 


electrode. If the electrode is too small, 
the end of the tungsten will form into 
a molten ball larger than the electrode, 
and this ball may fall into the weld. If 
much too small, the electrode will melt 


POORLY CORRECTLY NICK IN ELECTRODE A B C D 


PREPARED PREPARED 


Fig. 11-20. Preparing and using tungsten electrodes for AC welding. A. lllustrates proper method of breaking 
tungsten electrode. Electrode is first nicked with grinding wheel and then broken. B. Shows a properly pre- - 
pared electrode in use. Electrode at C requires more current. D. Shows a jagged or contaminated electrode. 


11-12 


Inert Gas-Arc Welding 


back to the collet or chuck and fuse to 
the collet, If the electrode is toolarge, 
the are will wander from one side of 
the electrode to the other. 

4, A discolored tungsten electrode 
usually means that the electrode has 
been exposed to the air while still very 
hot. 

5. Keep the amount that the electrode 
extends out of the gas cup to an absolute 
minimum, even if this practice inter- 
feres to some extent with vision of the 
weld puddle. 

6. Remember that the gas connec- 
tions must be tight or expensive leaks 
may result. Gas leaks may also permit 
air to get into the gas lines and cause 
contamination of the electrode and the 
weld, 

7, Steel welding rods should not be 
copper coated, as the copper coating 
will cause spatter and may contaminate 
the tungsten electrode. 

For beginners, it has been found that 
air-cooled torches are best, These 
torches can be easily installed, Simply 


WELDING 
GENERATOR 


trode holders are available in capaci- 
ties up to about 150 amps. 

All metals and welding rods should 
be carefully cleaned prior to welding. 
The welding should be done as soon as 
possible after the metal has been 
cleaned, 

Gas tungsten arc welding of alumi- 
num, magnesium, stainless steel, ti- 
tanium, etc. is described in CHAP- 
TER 18. 


11-9. GAS METAL-ARC WELDING 
(GMAW) (MIG) PRINCIPLES 


The welding of metals in an inert 
atmosphere is also accomplished by 
using consumable metal electrodes to 
both maintain the arc and to provide 
the filler metal. This process is often 
called Metal Inert Gas (MIG) welding. 
The metal electrode is fed through the 
electrode holder and into the arc atthe 
same speed the electrode is melted 
and deposited in the weld, as shown in 
Fig. 11-21. A small adjustable speed 


ELECTRODE 


WIRE 
CONTROL 


WIRE FEED 
MOTOR 


Fig. 11-21. Basic schematic wiring dia- 
gram of the gas metal-arc process (MIG). 


clamp the inert gas arc welding cable 
in the DC machine electrode holder, or 
use quick couplers. Air-cooled elec- 


electric motor provides power to re- 
move wire from a spool and feed the 
wire into the arc. The electrodes are 
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usually supplied in the form of wire 
wound on special reels or spools, Fig. 
11-22, illustrates a typical gas metal- 


CONTROL oo 


WIRE SPEED CONTROL 
PILOT LIGHT 


|... MANUALLY 
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WIRE FEED 


CONTACTOR CONTROL 
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one or more of these processes, Such 
metals as mild steel, stainless steel, 
aluminum, bronze are often welded 
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“WELDING MACHINE 


Fig. 11-22. Diagrammatic view of a complete gas metal-arc outfit. 


arc welding outfit. It should be noted 
that this electrode holder supplies cur- 
rent for the arc, the wire feed to the 
arc, and the water-cooled circuit if re- 
quired. The operation of the gunis con- 
trolled by a trigger mechanism on the 
gun which, through relays, controls the 
arc current, the water flow, the inert 
gas flow, and the electrode wire move- 
ment to the arc, 
This type equipment is used for sev- 
eral kinds of arc welding: 
1. Gas metal-arc welding. 
A. Spray arc welding. 
B. Dip transfer arc welding. 
2. Gas metal-arc welding with mag- 
netized flux, 
3. Metal-arc welding with flux-cored 
welding wire. 
A. With inert gas. 
B. Without inert gas. 
Almost any metal can be welded by 


using these methods. Hard surfacing 
can also be performed using this proc- 
ess, See CHAPTER 20, 

The three basic types of gas metal- 
arc welding are shown in Fig. 11-23. 


11-10. GAS METAL-ARC 
WELDING METHODS 


Welding with the Gas Metal-Arc 
process can be done in two ways: 

1. The Spray Arc Method. 

2. The Short Circuiting Method (Dip- 
Transfer). 

Spray arc means that the metaltrans- 
fers across the arc as a fine spray of 
several hundred minute droplets per 
second, This process is used mainly 
on normal metal joints and/or good 
fit-up joints, and for faster welding. 

In the short circuit method, the metal 
transfers across the arc inlarger drops 
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BARE WIRE BARE WIRE 
| ELECTRODE | La ep | Ja 
NOZZLE J set] 
GAS —R- a 
n 
W 
: l 
LP 
i FLUX CORED 
ELECTRODE 
GAS METAL - ARC WELDING GAS METAL - ARC WELDING GAS METAL - ARC WELDING WITH 


WITH MAGNETIZED FLUX FLUX CORED WELDING WIRE 


Fig. 11-23. Three basic types of gas metal-arc welding processes. 


at the rate of 100 drops per second or 
less. The drops are large enough to 
actually short circuit the electrical 
flow across the arc (there is no arc 
gap for a very brief moment of time). 
There are approximately 100 to 200 
drops per second. 


ELECTRODE 1/100 SEC. 
eT ELECTRODE IN MOTION 


1» 3 4 


THE SHORT CIRCUITING 
MOMENT (1/10,000 SEC.) 


Fig. 11-24. Two basic methods of metal transfer when 

using gas metal-arc process. Part A shows ''spray"' 

of metal across the arc (spray transfer). Part B shows 

dip transfer method. The four steps in the sequence 

of the dip transfer arc are: 1. Electrode metal melt- 

ing. 2. Short circuit interval. 3. Filler metal deposited 
on base metal. 4. Restarting of same cycle. 


1 


This process is used for welding thin 
metal joints and for poor fit-up joints. 

Fig. 11-24, illustrates these two 
basic types of metal transfer. 


11-11. SPRAY-ARC METHOD 


The spray-arc method consists 
simply of using a heavy current flow 
for a certain size electrode wire. At a 
certain level of current (ampere) flow 
the electrode wire will divide into very 
small droplets of welding wire metal, 
and will travel forcibly across the arc. 
Fig. 11-25, lists the minimum current 


ELECTRODE WIRE WELDING CURRENT 
DIAMETER, INCHES AMP ERES (DCRP) 


0.030 150 
0.035 (1/32) 175 
0.045 (3/64) 200 
0.0625 (1/16) 275 
0.09375 (3/32) 350 


Fig. 11-25. Minimum current requirements for 

spray transfer-arc welding when using gas metal- 

arc process. The inert gas is usually argon with 
5 percent oxygen. 
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values needed to achieve spray-arc re- 
sults with different size electrode 
wires. 

Current values below these values 
are used for the dip-transfer method 


ELECTRODE WIRE 
DIAMETER, INCHES 


0.030 
0.035 
0.045 


in the spray-arc method, but the current 
values are much lower, as shown in 
Figw14-26. 

The dip-transfer method is used with 
several different inert gases or combi- 


APPROXIMATE WELDING CURRENT (DCRP) 


MINIMUM MAXIMUM 
50 150 
79 175 
100 225 


Fig. 11-26. Current values for dip transfer (short-arc) arc welding. These 
values are used when the inert gas is 75 percent argon and 25 percent 
carbon dioxide. 


(short-arc). When carbon dioxide gas 
is used, the change from spray-arc to 
dip transfer arc is not as definite, For 
example, with carbon dioxide gas, glob- 
ular transfer results until the current 
flow is somewhat higher, andit requires 
about 500 amps. to obtain spray trans- 
fer with 1/16-in. diameter electrode 
wire (welding metal). 

Several different inert gases have 
been used in the spray-arc method: 

Argon-carbon dioxide mixture. 

Carbon dioxide. 

Argon-oxygen mixture. 

These gases influence the shape of 
the weld, the amount of current needed, 
the splatter, and the like, Carbon diox- 
ide tends to promote spatter andit uses 
more current, but welding speeds are 
higher and penetration is deeper. 

Argon tends to reduce spatter and 
enables a reduction in current, pro- 
ducing a neater appearance ofthe weld. 

Standard arc welding machines 
(DCRP) can be used for spray transfer 
inert metal-arc welding, because no 
current recovery is needed and the arc 
does not short even for very brief 
moments of time. 


11-12. THE DIP- TRANSFER METHOD 


The same electrode wires are used 
for the dip-transfer method as are used 


nation of gases as practiced with the 
spray-transfer method. 

The conventional arc welding ma- 
chine is impractical for this method, as 
the short circuit current flowistoolow 
to reestablish the arc at each short 
circuit moment, Special power supply 
units are used. These machines must 
be of the constant potential type, or of 
the constant potential type with slope 
control. These special arc current 
power supplies are neededtoovercome 


MUL TI-PURPOSE 
CABLE 


ELECTRODE 
WIRE COIL 


TORCH 


Fig. 11-27. Gas metal-arc wire feed unit complete 
with electrode wire coil, torch, and multipurpose cable. 


the short circuit moment that occurs 
across the arc in the dip-transfer 
process. 

The speed of travel is greater with 
the spray-arc method, For example, 
when welding .200-in. thickness metal, 
the dip-transfer process will weld at 
approximately 10 in, per minute, while 
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spray-are process will weld approxi- 
mately 22 in. per minute, 


11-13. GAS METAL-ARC 
WELDING STATION 


The complete equipment for a gas 
metal-arc welding station consists of 
the following: 

Arc welding machine. Constant-volt- 
age machines are preferred, Both AC 
or DC machines may be used depending 
on the application. 

Booth. 

Bench, 

Ventilation system, 

Combination gas, water, wire and 
cable control wire lead to the gun. 

Inert gas cylinder. 

Cylinder regulator and flow meter. 

Special electrode holder, 

Ground lead and ground clamp. 

Remote current control. 

Electrode wire feed unit, 

Reel of electrode wire. 

Water control. 

This welding system is semiauto- 
matic since the consumable metal elec- 


trode is automatically fed to the elec- - 


trode holder (torch) at a rate equal to 
its rate of consumption, and the elec- 
trode holder is manually operated, po- 
sitioned and moved, The equipment re- 
quires a welding wire feed mechanism 
in addition to the water, gas, and cur- 
rent flow controls. Fig. 11-27, shows 
the torch, leads, welding wire feed 
unit, and welding wire reel. 


11-14. SETTING UP GAS METAL-ARC 
WELDING STATION 


An inert gas consumable electrode 
arc welding station shouldbe assembled 
by an experienced person. It is very 
necessary that the local codes on Build- 
ing and Safety, and Industrial Hygiene 


be followed. The manufacturers supply 
installation instructions which should 
be carefully followed, 

The booth should provide for good 
lighting, adequate ventilation, fire- 
proofing, and electrical shockproofing. 
The welding power supply machine 
should be mounted in a dry place. It 
should be level, andthe primary circuit 
cables and control should be installed 
according to the local electrical code. 
The welding circuit electrical leads 
should be kept to a minimum length, and 
should be placed where they cannot be 
injured or abused by personnel or by 
stock or equipment movement. 

The inert gas cylinders should be 
placed near the arc welding machine, 
and should be securely fastened topre- 
vent accidental tipping or abuse, 


11-15. STARTING GAS METAL-ARC 
WELDING STATION 


To start the unit, first check the 
station to be sure all parts are properly 
connected. Then proceed with the 
following steps. 

1. Make visible inspection of hose 
and leads for wear, etc. 

2. Inspect gas, water and electrical 
connections. 

3, Examine booth, gas cylinder, and 
welding machine for cleanliness, cor- 
rect position and mounting. 

4, Turn ventilating system on, and 
check air flow. 

5. Turn on main water valve. 

6. Turn on inert gas system (observe 
all safety precautions). 

7. Adjust welding machine for wire 
size, type of joint, etc., (follow manu- 
facturer's recommendations). 

8. Test electrode wire feed mecha- 
nism by operating without striking arc. 

A. Nozzle must be clean, 
B. Electrode wire tube must be 
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clean, Tube should be cleaned 
and lubricated each time new 
reel of wire is installed. 

C. Electrode wire feed rollers 
must be clean, The rollers must 
be free of chips and dirt. 

D. Gas flow and water flow should 
be checked at this time. 

9. Cut excessive electrode wire ex- 
tending out of nozzle away, using diag- 
onal pliers. Correct extension should 
be about 1/2 to 3/4 in. 

10. Position electrode holder with 
electrode touching metal where weld 
is to start. 

11. Lower helmet (wear gloves, and 
proper clothing). 

12. Press starter button on torch 
handle and proceed with the welding. 


11-16. GAS METAL-ARC 
WELDING PRACTICE 


Using the proper welding wire, the 
proper settings, the correct gases or 
gas mixtures, this type of welding can 
be successfully done on most com- 
mercial metals, Such welding can be 
done in all positions. 

Fig. 11-28, illustrates a gas metal- 
arc weld being done in the flat position 
on a thin metal butt joint. Notice the 
gas shielding, the direction of travel, 


Fig. 11-28. Thin metal butt joint being welded in flat 

position using gas metal-arc process. Notice gas 

shielding and electrode position in relation to base 
metal. (Hobart Bros.) 


and the position of the electrode in re- 
spect to the weld, 

Fig. 11-29, shows a thicker gauge 
butt joint being welded in the flat posi- 


INERT SHIELDING 
GAS 


Fig. 11-29. A steel plate being welded in flat posi- 
tion using gas metal-arc process. Notice V-groove 
preparation for butt joint. 


tion. The metal edges are V-grooved 
to aid complete penetration. This weld 
too is being made in the flat position. 
Horizontal, vertical, and overhead 
position welds can also be made. Fig. 
11-30, shows a thin metal butt joint 


GAS SHIELDING 


SMALL DIAMETER 
WELDING WIRE 


WIRE GUIDE 


Fig. 11-30. Gas metal-arc welding butt joint in verti- 
cal position. 


being welded in the vertical position. 
Notice that this weld is being made by 
progressing upward, 
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Carbon dioxide is increasing in popu- 
larity as aninert gas. The fundamentals 
of this process are shown in Fig. 11-31. 
Note how the carbon dioxide is reduced 
to carbon monoxide and atomic oxygen 
at the arc stream. The carbon monoxide 
immediately recombines with the oxy- 
gen to form carbon dioxide in the outer 
shielding gas envelope. 

When using a consumable electrode, 
first practice on a scrap of metal 
similar to the metal you intend to weld. 

A good technique to use to start the 
arc in the correct place when con- 
sumable electrodes are used, is totouch 
the electrode end to the proper place 
on the metal with the helmet up and with 
the welding current shut off, Next, lower 
the helmet over your face, then press 
the start button on the torch, 

If the start button is pressed before 
properly positioning the electrode hold- 
er or torch, the wire will feed out of 
the holder until an arc contactis made. 
This excessive length of electrode wire 
will quickly melt away when the arc is 
Struck, causing an unnecessary use of 
the wire, and it is detrimental to the 
appearance of the weld. A steady crack- 
ling or hissing sound of the arc is a 
good indicator of correct arc length. It 
is important that the wire size, the wire 
feed speed, and the current setting be 
properly related. 

For the same size wire, if it is 
desirable to use more current, the wire 
feed speed should also be increased. 
When changing to a larger diameter 
wire, either the current must be in- 
creased or the wire feed speed must 
be reduced, or both. 

These relationships are very im- 
portant and the manufacturer's recom- 
mendations should be followed, 

When consumable electrode welding 
mild steel of .060 thickness, it is 
recommended that 130 amps. of DC 


reverse polarity be used, This weld can 
be made at a speed of approximately 
26 in, per minute using an argon flow 
of 17 cu. ft; per hour. 


SLAG INCLUSIONS 


Fig. 11-31. Weld action with carbon dioxide used us 
inert gas. 


To obtain high-quality steel welds, 
weld should be made on "killed" steel 
only. These steels are fully deoxidized 
as they are made. Rimmed steels cause 
porosity because there are no deoxidiz- 
ing elements present in the metal. See 
CHAPTER 24 for definitions of these 
steels. Most of the electrode wires for 
mild steel welding have deoxidizing 
elements in the welding wire metal, 
such as manganese, silicon, aluminum, 
titanium, and zirconium, 


11-17. GAS METAL "PULSE" 
ARC WELDING 


The dip transfer method of gas metal 
arc welding is now further improved 
for certain applications by using an 
interrupted arc circuit, Some welding 
machines have been developed to sup- 
ply an interrupted or pulsed arc weld- 
ing current, The interruption or pulse 
can be regulated to control the fre- 
quency of the dip transfer metal from 
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Fig. 11-31A. A nine-step sequence of a Gas Metal- 

Arc Welding process using constant current flow. 

Steps 1 through 9 show the electrode behavior: 

Period 1—4 Short circuit, 5 Reignition, 6—8 Arcing, 
9 Arc Extinction. 


the metal electrode. Fig, 11-31A shows 
a constant current flow. With pulsed 
arc, the welding current is shut off for 
a portion of the dip transfer period as 
a method of puddle and weld control. 
Fig. 11-31B illustrates the character- 
istics of the pulsed arc. 

Constant voltage is used to provide 
the general current flow while a droop- 
ing voltage source is used to provide 


— SHORT CIRCUIT PERIOD —— 
CONSUM CONSUMABLE 


ELECTRODE 
1 
= Sa a 
REIGNITION 
EXTINCTION PERIO 
PERIOD ~ uu 


SPARK 
(ARC) 


EXTIN co | 
7 Z 8 
Fig. 11-31B. An eight-step sequence of a Gas Metal- 


Arc Welding process using pulse arc: Period 1-4 
Short circuit, 5 Reignition and arc, 6-8 Extinction. 


the pulse current (silicon rectifiers 
are used). See Paragraph 12-14. This 
pulse current is variable from 0 to 
100 cycles per second (cps). The pulse 
current duration is adjustable from 


.005 sec. to a steady DC. 
The are penetration can be con- 


trolled independently of the melting rate 
of the electrode. The penetration can 
be increased or decreased by proper 
current setting and pulse duration. 


11-18. GAS TUNGSTEN "PULSE" 
ARC WELDING 


A welding circuit using a pulsed 
electrical flow is available for use 
with a tungsten electrode to both con- 
trol the cleaning action of the metal 
surface and also to control the pene- 
tration, With this circuit, welds may 
be made on clean metal with good 
penetration and narrow beads, 

To better understand the control of 
the arc core, one should know that the 
core of the arc is a plasma. This 
plasma concentration is affected bythe 
current flow. Different current pat- 
terns can be obtained by changing the 
ratio of the DCSP and DCRP during 
each cycle. Fig. 11-31C shows one pat- 
tern used. The DCSP or the DCRP each 
vary from 0 to 100 percent, or nema 
chine can operate as an AC unit with 
50 percent SP and 50 percent RP. 

The plasma core shape is also af- 
fected by the inert gas used, by the 
mixture of inert gases used, and bythe 
volume of gas flow. There is also a 
jet action of the plasma core which 
increases as the current (amperage) 
intensity increases, Therefore, a con- 
striction of this core by shaping the 
electrode will influence the jet action 
affect. (An extreme case of this action 
is the plasma arc torch, See Chapter 
17.) The length of the arc alsocontrols 
the arc core diameter. 
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VOLTAGE 
~ ELECTRODE 


+ ELECTRODE 


Fig. 11-31C. The DCSP ratio to the DCRP of this 

variable AC cycle is adjustable up to 20 to 1, and 

the frequency can be adjusted from 1/120 sec. to 
1/6 sec. 


When properly using all these vari- 
ables listed above, the depth of the 
penetration and the shape of the weld 
bead can be controlled. Fig. 11-31D 
shows a modern short arc welding 
machine. 


11-19. GAS TUNGSTEN-ARC 
WELDING TECHNIQUES 


One must observe the following basic 
operations if quality welds are to be 
obtained: Striking the Arc with ACHF: 
Hold the torch horizontal, Revolve it 
into a vertical position with the elec- 
trode approximately 1/8 in. above the 
metal--the HF will help the arc jump 
the gap. Striking the Arc with DC: 
Touch the electrode to the work (or to 
an adjacent carbon or copper surface). 

When starting to weld, first move 
the torch in a small circular motion 
until a fluid puddle is formed. Then 
tilt the top of the torch 15 deg. away 
from the direction of travel. No torch 
motion is necessary except along the 
weld seam, 

Avoid touching the metal parts of a 
water cooled torch to the base metal 


or bench. If this is done, the water 
jacket may be burned through and a 
leak developed. 

Add filler rod by moving the torch 
(arc) to the rear of the puddle and in- 
sert the correct size clean filler rod 
in the front of the puddle. After some 
metal (the amount melted determines 
the crown of the weld) has melted from 
the filler rod, remove the rod just a 
short distance, but keep it inside the 
inert gas envelope, and move the torch 
to the front or leading edge of the 
puddle, The frequency of repeating this 
sequence determines the number of 
ripples and size of ripples in the weld. 

Lap joint welds should be made by 
keeping the electrode as near the edge 
of the top piece as possible and still 
melting some of the lower piece. Do 
not move the torch ahead of the puddle 
at any time. 

The correct arc length of 1/16 to 
1/8 in. is very important, If the elec- 
trode is too close to the base metal 
causing a short arc, the weld will be- 
come contaminated with tungsten. If 
the electrode is too far from the base 
metal, it will cause a wandering arc, 
and the inert gas shielding will be 
reduced. 


INERT GAS 
CYLINDER 


RESERVE —-— 
CYLINDER 


ELECTRODE; 


Fig. 11-31D. A short arc welder with a single knob 
control. This welder is simple to operate and has a 
wide range of applications. 
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With DCRP, one must use larger 
size tungsten electrodes and lower cur- 
rent settings, as shown in Fig. 11-31E. 


WELDING STEEL IN FLAT POSITION 


AMPERES 


TUNGSTEN 
ELECTRODE 


DIAMETER DCSP DCRP * AC 
70-120 5-10 60-90 
200—275 15-20 115-160 
275-375 20-25 180-210 
375—450 25-30 210—240 
450—525 30-35 240—270 


* CAUTION -- 


be sure to reduce the amperage when using DCRP. 


Fig. 11-31E. A table showing the current carrying 
capacity of tungsten electrodes when using the three 
types of welding current. 


11-20. GAS METAL-ARC WELDING 
USING FLUXED WIRE 


Flux has long been used as an agent 
to improve soldering, brazing and 
welding. It is used also to improve the 
flame and arc cutting processes. It is 
natural that it is used as anaidto inert 
gas-arc welding and in some automatic 
and semiautomatic metal-arc welding 
processes. 

Flux may be used in three ways: 

1. As a suspension fine powder mix 
in the inert gas. 

2. As a flux powder coating on the 
metal electrode as it leaves the torch 
nozzle. Magnetism is used to hold the 
flux to the wire. The flux contains iron 
particles which are attracted to the 
magnetized metal electrode. 

3. As a flux inside a tubular metal 
electrode, 

Fig. 11-32 illustrates the fundamen- 
tals of the magnetic flux process. 

The flux-cored process uses 1/8-in. 
diameter and larger electrodes. The 
arc and arc behavior is very similar to 
the stick electrode arc welding process 
as explained in CHAPTERS 5 and 6, 


GAS AND 
FLUX MIXTURE 


Fig. 11-32. Principle of combined magnetized flux 
and inert gas metal-arc process. 


This flux-cored process may be used 
with carbon dioxide gas, gas mixtures, 
or used without any inert gas. The proc- 
ess is shown in Fig. 11-33. 

The flux-cored process is growingin 
popularity. It is now used for more 
than 20 percent of arc welding. Some 
flux-cored electrode welding still uses 
CO2 shielding, but the use of flux-cored 
wire alone is increasing. In many 
cases, the flux-cored wire alone pro- 
duces welds equal to or better than the 
original metal, and its use eliminates 
the need for the gas shield equipment 
and cost of the gas. 


11-21. GAS CARBON-ARC 
WELDING PROCESS 


Inert gas-arc welding may also be 
done using a carbon electrode with the 
arc surrounded by inert gas. A DC 
straight polarity current supply is used. 
The gas carbon-arc process is excel- 
lent for teaching purposes as the arc is 
easy to start, It is a good process to 
use when welding thin metals, for the 
same reason. Fig. 11-34 shows how 
the carbon electrode should be pre- 
pared for welding. The operating cur- 
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Fig. 11-33. Basic design of flux-cored 
wire and inert gas metal-arc process. 


rent (DCSP) and carbon electrode diam- 
eter recommendations, 
the table, Fig. 11-35. 


are shown in 


11-22. INERT GAS SPOT WELDING 


A special application of the inert gas 
arc welding system is the inert gas 
spot weld. By correct timing and using 
a special torch, this method is used to 
melt one member of an assembly and 
fuse it to the underneath member ina 
"spot" as shown in Fig. 11-36. This 
process eliminates the need to reach 
both sides of an assembly with the 
welding device. 

All of the usual consumable electrode 
equipment is used. In addition, a timer 
is used to control the time of current 
flow, size of the spot, and the amount 
of metal deposited, The timers usually 
control the spot (or button) time be- 
tween 3 cycles (1/20 of a second) for 
approximately 1/16-in. thickness metal 
to 360 cycles (6 seconds) for approxi- 
mately 3/16-in. thickness metal. 

The torch, or gun, has a shield around 
the arc area, This shield minimizes the 
need for a face helmet and colored lens. 

A special application of this type of 
torch and process is the cutting or 
piercing of holes in thin metal (up to 
1/8-in, thickness). The arc is started, 
and after a set time interval a high- 


ide 


Fig. 11-34. Proper method of preparing end of carbon 
electrode for use in inert gas arc welding. D. Carbon 
electrode diameter. d. Operating diameter (same as 
tungsten diameter). LT. Length of taper. E. Exten- 
sion of the carbon electrode beyond nozzle. 


pressure inert gas is pressed against 
the heated and molten metal, This high- 
pressure gas will blow or force the 
molten metal through the plate leaving 
a hole which is clean, accurate in size 
and shape. 


CARBON DIAMETER AMPERAGE (DCSP) 


1/16 50- 125 
3/32 125- 225 
1/8 200 - 300 
3/16 250- 350 
1/4 300 - 475 


Fig. 11-35. Table of current settings for various diam- 
eter carbon electrodes when used in inert gas 
arc welding. 


11-23. REVIEW OF SAFETY IN 
INERT GAS ARC WELDING 


The operator should use a dark shade 
lens, (#12 to #14) when inert gas arc 
welding, because the arc is more ex- 
posed, and is therefore very intense. 
The operator must also be very careful 
to protect his skin from the arc rays. 

The machine must be kept in good 
condition, for best results. 

Repair water leaks immediately as 
wet equipment and/or a wet floor in- 
creases the chance of electrical shock. 
The primary circuit of the machine, 
and the high-frequency circuit, should 
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Fig. 11-36. Inert gas spot welding torch being used 
to fabricate pulleys. Concealed arc minimizes need 
for special protection clothing. 


(A. O. Smith) 


be disconnected while working on the 
equipment. 

The inert gas arc welding processes 
require that the operator and those in 
the vicinity follow all of the usual arc 
welding safety practices. In addition 
there are the typical welding precau- 
tions which must be observed. 


The influence of the ultraviolet rays 
from the are tends to change oxygen 
into ozone, The amount of ozone is very 
small but good ventilation is still very 
much recommended, Ventilation is also 
needed to minimize the small amounts 
of oxides of nitrogen, carbon dioxide, 
carbon monoxide, and decomposed 
gases such as trichloromethylene. 

Because the inert gas shielded arc is 
not enclosed in opaque gases, the ultra- 
violet rays are approximately twice as 
strong as with the flux shielded arc. One 
should wear #2 flash goggles, with side 
shields, under a helmet fitted with #12 
lens. All skin surfaces must be covered. 
Light-colored clothing on the upper part 
of the body will allow too much light re- 
flection behind the helmet, Cotton cloth- 
ing will rapidly deteriorate if exposed 
to the arc rays. Leather and/or wool 
clothing is recommended. 


11-24. TEST YOUR KNOWLEDGE 


1. Of what material is the noncon- 
sumable inert gas arc welding elec- 
trode usually made? 

2. Why is the inert gas kept flowing 
after the welding arc is broken? 

3. Should one use lighter or darker 
lens when inert gas arc welding as 
compared to coated steel electrode 
arc welding? 

4. List four inert gases used in arc 
welding processes. 

5. How far should the 1/16-in, dia. 
tungsten electrode extend past the end 
of the inert gas cup? 

6. Is flux necessary when inert arc 
gas welding aluminum? Why? 

7. Is it possible to automatically weld 
with inert arc gas welding? 

8. What is the popular welding rod 
angle when using welding rod while 
inert gas arc welding? 

9, What is inert gas spot welding? 

10, How is the inert gas arc welding 


electrode holder or torch cooled? 

11. Name a gas mixture and list some 
of the properties of the gases. 

12. What is a flowmeter? 

13. How is a consumable metal elec- 
trode fed to the arc? 

14. Why is it recommended that a tung- 
sten electrode arc be started on a scrap 
tungsten surface? 

15. What is the appearance of the arc 
end of à correctly used tungsten 
electrode? 

16. What would happen if the tungsten 
electrode were bent off center? 

17. What is the disadvantage of using 
cotton clothing when inert gas arc 
welding? 

18. Can consumable metal electrodes 
be used when inert gas spot welding? 
19. What holds a tungsten electrode in 
place in the holder? 

20. Of what materials are the gas 
nozzles made? 
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INERT GAS-ARC WELDING 
EQUIPMENT AND SUPPLIES 


Fundamentally the gas-arc welding 
process consists of performing a weld 
in which the are is surrounded by an 
inert gas such as helium, argon, or 
carbon dioxide. This inert gas keeps 
atmospheric air away from the weld, 
and prevents elements in the air from 
combining with molten metal during the 
welding process. 

This Chapter discusses the various 
items of equipment and supplies used 
in gas-arc welding. 


12-1. GAS-ARC WELDING 
STATION EQUIPMENT 


Complete gas-arc welding station 
consists of: 
1. Inert gas supply cylinder, This gas 


ELECTRODE 
BODDER CONTROL STATION 
Rec e (D.C. ONLY) 


wl 


[— 


e 


SWITCH 


may be helium, argon, carbon dioxide, 
or a mixture of gases. 

2. Pressure regulator. 

3. Flowmeter, 

4. Hose. 

9. Arc-welding machine either DC or 
AC usually with high frequency 
stabilization. 

6. Cable (electrode holder lead). 
Combination cable, gas, electrical and 
water (if a water cooled electrode hold- 
er is used). 

7. Electrode holder (torch). 

8, Ground lead. 

This equipment,together with a booth, 
ventilation, benches, lights and the like, 
makes up a complete station, 

Fig. 12-1, illustrates a typical man- 
ually operated gas-arc welding station 
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Fig. 12-1. Diagrammatic view of a complete gas-tungsten-arc welding outfit. 


(Air Reduction Sales Co.) 
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suitable for gas-tungsten-arc welding 
(TIG), The electrode holder is air- 
cooled, so it has no water valves or 
water hose. This station would be suit- 
able for either helium or argon gas- 
tungsten-arc welding. 


12-2. GASES FOR GAS-ARC WELDING 


Three common inert gases are used 
in the gas-arc welding process. 

The most popular inert gases used 
are: 

1. Helium, 

2. Argon. 

3. Carbon dioxide. 

4. Mixtures of the above gases ina 
variety of combinations. 

5, Mixtures of any of the above gases 
with nitrogen and/or oxygen. 
Both helium and argon are monatomic, 
meaning that the molecule andthe atom 
are the same, whereas most gases have 
molecules that consist of two or more 
atoms. Neon, krypton, xenon, and radon 
are also inert (monatomic), but they are 
more expensive at the present time, 
and more difficult to use. 

Fig. 12-2, shows different weld forms 


This gas was used extensively during 
World War II to weld aluminum and 
aircraft parts. 

Argon gas is also used in the inert 
gas-arc welding process, Itis available 
from manufacturers of oxygen in most 
cases, Argon is heavier and diffuses 
more slowly than helium; therefore 
about one third as muchargonis needed 
by volume as compared to helium, The 
equipment required for both gases is 
very similar, 

Helium is less expensive than argon 
per cubic foot, but it is much lighter 
than argon and more of the gas is needed 
because it floats away rapidly when 
heated by the arc. Helium enables deep 
penetration welds and permits fast 
welding. 

Argon, as mentioned before, gives a 
stable arc. It is less sensitive to arc 
length than helium, and provides a 
smoother arc. It is good as a starting 
arc-gas and for use where the arc length 
may vary during the welding operation. 

Carbon dioxide is the least expensive 
of the gases used, It is quite sensitive 
to arc length. 

Carbon dioxide was first used in the 
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Fig. 12-2. End views of inert gas arc beads made on steel plate. These drawings show the effects 
of various inert gases and inert gas mixtures on the cross sectional shape of the weld bead. 


obtained as influenced by the various 
inert gases, 

Helium was the first gas to be used 
and it is satisfactory, however, the gas 
is costly andit has some arc resistance. 


fully automatic machines only. Itis now 
used in both the automatic and the semi- 
automatic gas metal-arc processes, 
Carbon dioxide provides good shield- 
ing, however a constant arc length must 
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be maintained; consequently, carbon 
dioxide is most used where the arc 
length is automatically controlled, asin 
semiautomatic and automatic welding. 

Nitrogen is used mainly as a mixing 
gas for the other inert gases, when 
welding nonferrous metals, Mixtures of 
these gases with other gases give good 
results, See PAR. 12-6, for a table of 
suggested gas mixtures. 

Gas mixtures such as 20 percent 
carbon dioxide and 80 percent argon 
may be used when welding low alloy 
steels. A 10 percent oxygen, 90 percent 
carbon dioxide may be successfully 
used on steel plates using the gas metal- 
arc process. A mixture of 20 percent 
nitrogen and 80 percent argon may be 
used on stainless steel, Also a 5 per- 
cent nitrogen, 95 percent argon has been 
used on stainless steel, These mix- 
tures, and others, are used only after 
considerable experimenting in refer- 
ence to the metals used and the type of 
joint desired. 

Hydrogen is sometimes mixed with 
argon (10 to 15 percent hydrogen) and 
is used when welding stainless steel. 
Hydrogen and nitrogen mixtures have 
also been used as back-up gases when 
welding stainless steel. Back-up gases 
are used to keep the atmospheric gases 
away from the penetration side of a 
weld. 

Information on the chemical and 
physical properties of these gases will 
be found in CHAPTER 28. 

The names Heliarc, Heliweld, and 
Argonare have sometimes been used 
to identify gas-arc welding processes. 

Fluxed electrodes and other fluxing 
devices have been developed which, 
when used with carbon dioxide in inert 
gas-arc welding, provide a stable arc 
and the arc length becomes less criti- 
cal. Many of the devices are now suc- 
cessfully used in manual applications, 
The machines are usually called semi- 


automatic, since the rate of flow of elec- 
trode wire, shielding gas and arc cur- 
rent, are automatically controlled. The 
operator controls only the movement of 
the electrode holder (gun). 


12-3. HELIUM 


Helium has a fast voltage change as 
the arc length changes, andthis voltage 
change is used to operate electronic 
controls. Therefore, helium works well 
on automatic gas tungsten arc ma- 
chines, It requires somewhat higher 
arc voltages than argon (approximately 
40 percent more). Because of its higher 
resistance a more intense heat is 
generated in the arc, This intense heat 
produces good penetration and fast 
welding. 

Helium is a by-product ofthe natural 
gas industry. Its production and saleis 
controlled by the U. S. Bureau of Mines, 
It is found in substantial quantities in 
the Texas oil and gas fields. For 
successful welding, helium must be 
pure (99.99 percent) and must be 
very dry. 

Helium is obtainable in steel cylin- 
ders of the same style and size as oxy- 
gen cylinders. These cylinders must 
conform to ICC regulations. It is com- 
pressed to a pressure of more than 
2000 psig at 70 deg. F. Because it is 
the second lightest gas, only hydrogen 
is lighter, it has a tendency to rise 
from the weld very rapidly and for this 
reason, more cubic feet per hour are 
needed to maintain aninert atmosphere 
around the arc. 

To date, helium is only available in 
compressed gas form, 


12-4. ARGON 


Argon is one of the gases inthe mix- 
ture of gases that make up the atmos- 
pheric air. It has been used for many 
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years as filler gas for incandescent 
light bulbs. 

Argon is one of the most popular 
gases for manual inert gas-arc welding. 
It offers less resistance tothe arc cur- 
rent than helium. This condition per- 
mits small changes in the arc length 
without breaking the arc. The less in- 
tense arc temperature is also advan- 
tageous for welding thin metal and 
when welding dissimilar metals. Fig. 
12-3, lists various metals and welding 


MATERIAL POWER SOURCE 
Aluminum, any ACHE 
thickness 
Aluminum Bronze DCSP 
Magnesium 1/16 ACHE * 
and over 
Mild Steel DCSP 
0-1/8 
Low Alloy Steel DCSP 
Stainless Steel DCSP 
to 14 ga. 
Titanium, thin DCSP 
ga. ACHF 
Nickel, Copper DCSP 
Alloys ACHF 
Silicon Bronze DCSP 


pure (the rest is nitrogen) and the gas 
should be absolutely dry. 

The three common sizes of cylin- 
ders are: 

ASF- 78 cu. at, 

S" Looreu. it. 
T7 390 08, Tt. 

Large consumers (over 6000 cu. ft. 
per month) may obtain argon in its 
liquid form in 2900 cu, ft, cylinders. 

Argon in liquid form is stored in 
thermos bottle-like cylinders under a 


WELD CHARACTERISTICS 


Good arc starting, clean weld, low 
gas consumption. 


Mainly for surfacing. 


Clean weld, fluid puddle, low gas 
consumption. 


Clean weld, ease of manipulation. 
Good puddle control flat position. 


Same as mild steel. 

Controlled penetration on thin 
material. 

Clean weld, good metal transfer. 


Good control. 


Arc length sensitivity is reduced. 


* AC High Frequency is used because the reverse polarity 
half of the cycle tends to break the oxide surface conditions. 


Fig. 12-3. Welding characteristics of various metals using argon gas in the 
manual gas-tungsten-arc process. 


currents to be used when argon gas is 
the shielding gas. 

Argon is obtainable in standard cylin- 
ders. These cylinders must conformto 
ICC specifications. The cylinders are 
very similar to oxygen cylinders, but 
are usually painted yellow and brown, 
Argon should be at least 99,8 percent 
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pressure of 235 psig; however, the 
liquid argon atthis pressure will slowly 
evaporate at normal ambient tempera- 
tures, Argon evaporates very slowlyto 
maintain the 235 psig pressure. If 
argon is being used continuously from 
the cylinder, the amount drawn off will 
consume the vapors which evaporate 
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keeping the cylinder pressure at the 
proper level. In the event the vaporized 
argon is not used as rapidly as it boils 
from the liquid, a safety valve allows 
it to escape and a constant pressure of 
235 psig is maintained on the liquid 
argon, The cylinders hold approximate- 
ly 260 Ibs. of liquid argon (or equiva- 
lent to 2900 cu, ft. of gaseous argon). 

Argon is obtained as a by-product 
from the liquefaction of air during the 
production of oxygen. Argon is more 
expensive per cubic foot than most 
other gases used in the inert gas arc 
welding, but the higher cost is some- 
what offset by the fact that less of the 
gas is needed for most welding appli- 
cations, Its main advantage is its ability 
to carry a stable arc, and at the same 
time exclude the atmosphere, 


12-5. CARBON DIOXIDE (CO2) 


Carbon dioxide is much used in the 
gas metal-arc welding of mild steel. 
An advantage of CO is its low cost-- 
about one tenth that of argon gas. 

Unlike the monatomic gases, the CO9 
reduces to carbon monoxide and oxygen 
in the arc. However, the gases return 
to CO» as they cool, The oxides and gas 
inclusions leave the weld metal before 
the metal solidifies. A higher current 
(about 25 percent) is used with CO, 
causing more agitation of the weld pud- 
dle, making it easier for the entrapped 
gases to rise tothe surface ofthe metal, 
thus reducing weld porosity. 

Direct current, reverse polarity is 
generally used. 

Because some carbon monoxide is 
liberated during this process, the weld- 
ing station should be thoroughly venti- 
lated. This toxic gas should not be 
allowed to collect near the operator. 

There is also some ozone generated, 
This is an additional reason for pro- 
viding good ventilation. It is specially 


important to keep these weld gases 
from reaching the operator's face. 

The carbon dioxide used must be 
moisture free or the hydrogen gener- 
ated will cause weld porosity and 
brittleness. 

Carbon dioxide is furnished in liquid 
form in 50 lb. cylinders. These cylin- 
ders are approximately 9 in, dia. 51 in. 
high and weigh 105 lbs. when empty. 
Each pound of liquid CO will furnish 
8.7 cu. ft. of gas (equals 435 cu. ft. per 
cylinder). It must boil (change toa gas) 
as it is being used. This action is de- 
pendent on the room temperature, for 
example: one cylinder can only furnish 
about 35 cfh when the cylinder is in a 
70 deg.F. room. Sometimes two or 
more cylinders must be connected in 
parallel to furnish enough gas. The 
pressure in the cylinder when liquid is 
present is 835 psig at 70 deg. F. As the 
liquid boils it cools, and as the gas 
passes through the regulator, the ex- 
pansion of the gas causes further cool- 
ing. If moisture is present, it may con- 
dense and freeze inthe regulator, caus- 
ing blocking of the gas passage. Exces- 
sive moisture may also be indicated by 
erratic flowmeter operation. It is 
recommended that CO with a -20 deg. 
F. dew point or lower be used. Since 
CO» has a high arc resistance, andbe- 
cause even minute arc length changes 
produce a wild arc and splatter, a very 
short and constant arc length must be 
maintained. It is recommended that 
constant voltage arc (CV) or rising arc 
voltage (RV) machines be used with CO», 

Carbon dioxide is also obtainable in 
gas form and in solid form (dry ice); 
however, the cylinder-liquid form is 
chiefly used for gas-arc welding 
purposes. 

Because carbon dioxide is 50 percent 
heavier than air, its ability to shieldthe 
arc is quite satisfactory. 

Due tots rather high electrical re- 
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sistance and therefore rather critical 
arc length, CO gas metal-arc welding 
lends itself particularly well to auto- 
matic machine welding; however, many 
successful manual applications are also 
in regular use. 


12-6. GAS MIXTURES 


A very successful gas mixture for 
nonferrous welding is a mixture of 
argon and hydrogen, This mixture pro- 
duces excellent results on nickel bear- 
ing metals such as stainless steel, 
monel and similar alloys. It is recom- 
mended for automatic welding. The 
process produces a very intense arc 
and high welding speeds are possible. 

The addition of small amounts of 
oxygen (1 to 5 percent) to argon, helps 
produce arc stability when using a 
straight polarity DC welding circuit. 
This mixture is not used in gas-tung- 
sten-arc welding as the oxygen will 
injure the tungsten electrode, The re- 
sultant welds have less porosity when 
this mixture is used, The mixture has 
helped make the metal-arc process 
available for welding mild steels. The 
5 percent oxygen mixture is some- 
times known as Sigma-argon, 

Argon and helium have been used in 
various mixtures. The mixtures tend 
to give the weld the advantages of each 
gas. For example, if for a given appli- 
cation, the helium arc is too hot and 
the argon arc is too cool, a mixture of 
the two will produce the correct bal- 
ance, These gases are easily mixed 
in any proportion, Ratios of 50 - 50 per- 
cent of each to 14 percent of one and 
86 percent of the other have been used, 
A mixture of 75 percent helium and 
25 percent argon is a good all-purpose 
mixture. 

Stainless steel has been success- 
fully welded using argon gas aroundthe 


electrode and CO» as an outside shield. 
This combination is sometimes called 
the dual gas shielded method. The 
amount of argon is reduced by about 
two thirds, using this method. 

Considerable research has been done 
with mixtures of gases, and as aresult 
we now have several mixtures, each 
recommended for one or more welding 
application. See Fig. 12-4, fora table 
of some commonly used inert gases and 
gas mixtures with their applications. 

It should be noted that some of the 
recommended gas mixtures contain 
small amounts of oxygen. A small 
amount of oxygen is desirable in gas 
mixtures used for gas metal-arc weld- 
ing (MIG). The metal oxide formed at 
the tip of the molten metal electrode 
makes the molten metal more fluid and 
breaks the surface tension ofthe molten 
globules, 


12-7. INERT GAS EQUIPMENT 


Inert gases must be safely stored, 
safely reduced in pressure, the volume 
must be accurately controlled, and the 
gas delivered in pure dry condition to 
the torch nozzle. The gasis usually ob- 
tained incylinders except for very large 
consumers, 

The complete inert gas-arc welding 
outfit therefore has: Gas cylinders, 
Regulators, Flowmeters, On-and-off 
valves, Accessories, Power sources, 
Torches, Torchnozzle, and Electrodes, 


12-8, INERT GAS CYLINDERS 


The gases described in the previous 
paragraphs can be obtained in cylin- 
ders of various sizes, These cylinders 
are similar to the oxygen cylinders 
described in CHAPTER 2, They are 
manufactured to Interstate Commerce 
Commission (ICC) specifications. Some 
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gases are stored in cylinders as a gas, 
some as liquids, The quantity of gas in 
the cylinder is determined by the high- 
pressure gauge, volume scale if stored 
as a gas and by weight if stored as a 
liquid. 

Although the gases are inert and 


therefore combustion and/or support of 
combustion is not a problem, the high- 
pressures in the fullcylinders makes it 
necessary to handle the cylinders with 
care, 

The cap should be securely threaded 
over the cylinder valve whenever the 


PERCENTAGES IN GAS MIXTURES 


METALS ARGON HELIUM CO, 


Aluminum 


Alloys 100 


75 
Aluminum Bronze 


Copper 75 


100 
Magnesium 


Nickel 
80 
100 


Silicon Bronze 


100 


Steel mild 
25 


100 


Low alloy 


20 


Stainless 


100 


Titanium 


100 


100 


Dissimilar Metals 
Back-up Gas 


0) 


Un C2 ho 


Hy No METHOD POLARITY 
TIG MIG 
(GTAW) (GMAW) 
A DCRP 
ACHF 
j DCSP 
: * —— DCSP 
: * | DCSE 
*  DCSP 
5 
* DCRP 
à ACHF 
E DCSP 
DCSP 
* ~*~ ACF 
* DCSP 
* 8 DCRP 
M 
2 * 
* ^ DOS 
20 * 
DCSP 
*A 
ER 
5 80 


Fig. 12-4. Table of suggested inert gases and gas mixtures with their recommended applications. 
(A) indicates automatic application. 
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cylinders are being moved, or when they 
are in storage. The cylinder should be 
fastened to a wall or non-tippable 
object when in use, It should be placed 
where it is virtually impossible to 
accidentally injure it with an arc or 
cutting torch, The cylinders should be 
stored in an upright position and used 
in an upright position. 


12-9. INERT GAS REGULATORS 


Inert gas regulators are designed to 
perform the same asthe oxygen, acety- 
lene, and hydrogen regulators de- 
scribed in CHAPTER 2, 

They have either a gauge or a pres- 
sure indicator to show the cylinder 
pressure. Some of them have only a 
flowmeter gauge on the gas delivery 
side. This regulator has a constant out- 
let pressure to the flowmeter of 
approximately 50 psig. Fig. 12-5, shows 


Fig. 12-5. An argon gas cylinder with the pressure 
regulator and flowmeter attached. Note that the regu- 
lator pressure is preset and seldom needs adjustment. 


(National Welding Equip. Co.) 


a flowmeter and regulator mountedona 
cylinder. The fitting used to connect 
the regulator to the cylinder varies 
with the kind of gas and with the meth- 
od used to pump the gas into the cylin- 


der, These regulators will deliver 
inert gas flows up to 60 cu, ft./hr. The 
flowmeter scales are accurate only if 
the gas entering them is at approxi- 
mately 50 psig. If higher inlet pres- 
sures are used, the gas flow rate will 
be higher than the actual reading, and 
the reverse is true if the inlet pres- 
sure is lower than 50 psig. It is there- 
fore important to use accurately ad- 
justed regulators, Fig, 12-6, illustrates 
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Fig. 12-6. Combination two-stage regulator and flow- 
meter. The regulator is preset to provide a 20 psig 
pressure to flowmeter. (Linde Co.) 


a two-stage regulator for argon gas. 
The gauge is a high pressure gauge and 
is used to indicate the pressure in 
the cylinder. 


12-10. FLOWMETERS 


The amount of inert gas around the 
arc can best be measured by the vol- 
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Fig. 12-7. Flowmeter for argon gas. The meter on the 
left has a finger-tightened regulator fitting. 


ume of gas coming out of the nozzle, 
rather than the pressure of the gas. 
Therefore, the inert gas system is 
usually equipped with a flowmeter that 
is calibrated in cubic feet per hour. 
Fig. 12-7, illustrates a floating ball- 
type flowmeter. The two flowmeters 
shown are identical except for the regu- 
lator fittings. 

In one type of flowmeter a tapered 
plastic or glass tube contains aloosely 
fitted ball. As the gas flows up the tube, 
it passes around the ball and lifts the 
ball, The more gas that moves up the 
tube, the higher the ball is lifted, Fig. 
12-8, shows a cross section of the 
flowmeter shown in Fig. 12-7. 

The tube and the return gas housing 
are either clear plastic or glass. Some 
have a metal protecting cover. The 
joint between the plastic tubes and the 
body must be gastight, The scale onthe 
inner tube is usually calibrated from 
0 cfh to 60 cfh. The scale is usually 
read by aligning the top of the ball with 
the cfh desired. 

To obtain an accurate reading, it is 
important that this type instrument be 
mounted in a vertical position, Any 
slant will create an off-center gas flow, 
and result in an inaccurate reading. 

Because gas densities vary, it is 
necessary to use different flowmeters 


for the different gases. 
Gas volume is related to pressure if 


the orifices and gas passages remain 
constant in size and shape. Therefore a 
gas pressure gauge can be used asa 


ARGON 
HELIUM 
co, OR 
OXY GEN 
FLOWMETER DOME 


O'RING 


LJ HOSE NIPPLE NUT 
HOSE NIPPLE 


Fig. 12-8. Cross section of a 
floating ball type flowmeter. 


volume gauge when the scale is cali- 
brated as shown in Fig. 12-9. The 
single-stage regulator in the illus- 
tration has a plastic adjusting screw, 
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a rubber (fabric reinforced) diaphragm, 
the brass body is drop-forged, while 
the cap is die cast. Flowmeter outlets 
are usually equipped with a male 
threaded fitting (9/16 in. - 18RH). 


ARGON 
FLOW GAUGE 
A 


Fig. 12-9. Inert gas regulator with a Bourdon type 
gauge for measuring gas flow. Flowmeter gauge which 
is at the right reads in cubic feet per hour (cfh). 


12-11. ON AND OFF VALVES 


Most flowmeters have a needle valve 
to turn on the gas flow, shut offthe gas 
flow, and control the volume of the gas 
flow. Because this valve controls the 
volume, and because the pressure tothe 
valve is constant, the valve orifice and 
the needle must be accurate andin good 
condition at all times. Any abuse ofthe 
needle and/or seat, will result in errat- 
ic volume feeds. Also if the packing 
around the needle or ifthe needle 
threads are abused, the needle will not 
stay in adjustment. It is necessary that 
this valve be handled carefully. It should 


not be forced, FINGERTIP HANDLING 
ONLY is recommended. 


12-12. ACCESSORIES 


When water-cooled torches are used, 
it is important that water flow be main- 
tained. If the water flow ceases or 
diminishes, the torch and the cable 
(welding lead) may quickly overheat and 
be ruined. To protect the equipment, a 
safety switch is sometimes placed in 
the water circuit. If the water pressure 
decreases, an electrical switch opens 
and shuts off the electrical power 
source, Fig, 12-10, shows such a safety 
device. 


ELECTRICAL  & 
SAFETY s 
SWITCH 


FILTER 
N 


Fig. 12-10. Water flow safety control. If the water 
flow decreases, the current is shut off until the flow 
of water resumes. 


Some torches use fuse protection for 
the water-cooled torches. The fuse will 
interrupt the current flow when and if 


Fig. 12-11. Fuse and hose assembly. This device 
protects against water flow failure and/or excessive 
current. 


WELDING CURRENT —+ o” — 
TERMINAL 


Fig. 12-12. Fuse and hose assembly with insulator 


cover removed. 


(Linde Co.) 


water flow is stopped, or decreasestoa 
dangerous minimum, causing the fuse 
link to overheat, Fig, 12-11. The con- 
struction of this safety device, withthe 
casing removed, is shownin Fig, 12-12. 

To economize on water flow and/or 
inert gas flow, alever-operated shutoff 
valve is sometimes used, Fig, 12-13, 
shows this type economizer, The valve 
operating lever acts as the torch hold- 
er. When the torch is not in use, it is 
hung on this lever andits weight closes 
the valves. When the torch is removed, 
the valves automatically open, allowing 
the water and gas flow to start, 

Ground clamps as used to fasten the 
ground lead to the article being welded 
are similar to those shown in CHAP- 
TER 2. 


12-13. INERT GAS-ARC WELDING 
POWER SOURCES 


Practically all of electrical power 
sources described in the previous 
Chapters may be used to provide the 
welding current forinert gas-arc weld- 
ing, i. e. direct current, both straight 
and reverse polarity, and alternating 
current, All types of machines have 
also been used such as: 

Motor-Generator (DC only). 

Transformer (AC only. | 

Rectifier (DC only). 

Combination-transformer and recti- 
fier (DC or AC). 


Fig. 12-13. An inert gas and water flow economizer. 


It has been found that each type of 
current and each type of machine has 
advantages for particular welding 
applications. 

The motor-generator unit, the trans- 
former unit, and the rectifier unit are 
described in CHAPTERS 6 and8, 

The units using a nonconsumable 
electrode (tungsten or carbon) are 
standard machines except the units 
usually have a high-frequency AC cur- 
rent in the welding circuit during start- 
ing, to permit starting the arc without 
difficulty. 

The units using consumable elec- 


Fig. 12-14. AC-DC arc welder designed for inert 


gas welding. 
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trodes (MIG) and especially those using 
CO inert gas, need current sources 
with special properties, These units 
must be electrically designed to pro- 
vide a constant voltage even though the 
current flow value changes, and some 
installations such as the dip transfer 
process, even require a rising voltage 
across the arc as the current flow 
increases, 

A combination DC-AC arc welder 
constructed especially for inert gas- 
arc welding is shown in Fig, 12-14. A 
DC rectifier arc welder with a remote 
foot operated switch andcurrent adjust- 
ment combination is shown in Fig. 
12-15. The remote adjustments are also 


Fig. 12-15. Inert gas arc welding machine with a re- 
mote foot operated off-on switch and current control. 


available in hand-operated models, as 
shown in Fig, 12-16. These remote 
adjustments enable the operator to 
make current adjustments while weld- 
ing. They also enable the operator to 
start and stop the machine without 
leaving the work. 


Fig. 12-16. Hand-operated remote current adjusting 
device. (Air Reduction Sales Co.) 


12-14. DROOPING VOLTAGE 
MACHINES 


This type electrical power source is 
so built that as the current increases, 
the voltage decreases. In other words 
when the current is zero, the voltage 
is highest, and when the current is 
maximum the voltage is lowest as shown 
in Pig. 12950 


OPEN 
CIRCUIT 
VOLTAGE 


WELDING 
VOLTAGE 


VOLTS 
Aa 
[2 


100 200 250 
AMPERES 


Fig. 12-17. Typical volt-ampere curve for a drooping 
voltage arc welding machine. 


This operation can be either AC or 
DC, and is the most common machine 
on the market, It performs satisfactori- 
ly for stick electrode, tungsten elec- 
trode, and carbon electrode units. 
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12-15. CONSTANT VOLTAGE 
MACHINES 


With the introduction of power-fed 
electrodes to the arc zone, it was 
found necessary to use an electrical 
power source with a different behavior 
pattern in volt-amp. characteristic as 
explained in PAR, 12-13. The unit must 
be designed to provide a wide variety 
of current values at the arc, without 
necessitating a voltage change, 
Fig, 12-18. 


VOLTS 


100 200 250 
AMPERES 


Fig. 12-18. Typical volt-ampere curve for constant 
voltage arc welding machine. 


The operator adjusts the unit to the 
voltage across the arc desired and 
the machine will maintain this voltage 
over a large current adjustment, 

A DC rectifier arc welder with 
constant voltage characteristics is 
shown in Fig. 12-19, This machine has 
a 3-phase primary power input. Note 
the output voltmeter, ammeter, andthe 
coarse and fine adjustments. 


12-16. RISING VOLTAGE MACHINES 


The rising voltage machine was also 
developed especially for consumable 
electrode inert gas-arc welding ma- 
chines. Its design is based on having 
the machine deliver more current as 


VOL TAGE 
ADJUSTMEN 
CONTROLS 


SLOPE 
ADJUSTMENT 
CONTROLS 


Fig. 12-19. Constant voltage arc welding machine. 


the voltage rises to enable the machine 
to weld satisfactorily as the wire size 
increases. The machine adjustment is 
commonly labeled as arc length adjust- 
ment rather than voltage or amperes. 
Fig. 12-20, shows the current-voltage 
relationship for the range of the 
machine. 


100 200 250 
AMPERES 


Fig. 12-20. Typical volt-ampere curve for a rising 
voltage arc welding machine. 
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12-17. ELECTRODE HOLDERS 
(TORCHES) 


Although this item is basically an 
electrode holder, trade practice has 


TUNGSTEN —— 
ELECTRODE 
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Fig. 12-21. Air-cooled gas-tungsten-arc torch with a 
130-amp. capacity. Uses long tungsten electrodes and 
ceramic nozzles. (KGM Div. Air Products) 
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(tungsten or carbon) as shown in 
Fig, 12-217 

2. Consumable electrode torch as 
shown in Fig, 12-22. 

The main parts of the nonconsum- 
able electrode torch are: 

1. Handle. 

2. Cup or nozzle. 


Fig. 12-22. Gas metal-arc torch. The trigger switch 
starts and stops the current, water, and wire feed. 
Note the metal nozzle used on this torch. 

(Auto Arc-Weld) 


Fig. 12-23. Gas-tungsten-arc welding torch. Note short cap and electrode which 
makes it possible to use this torch in close, difficult to reach places. 


(Air Reduction Sales Co.) 


established, the name torch for this 
combination electrode holder and inert 
gas dispenser, 
The torches are of two basic types: 
1. Nonconsumable electrode torch 


3. Chuck. 

4. Electrode lead connections, 

5. Hose connections, 

6. Electrode, 

The torches may also be classed as 
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either air-cooled or water-cooled. The 
air-cooled models as shown in Fig, 
12-23, are used for light duty, inter- 
mittent service. The stub electrode is 
used for welding in close, confined 
quarters. The water-cooled models are 
used when higher currents are desired 
and/or when the torchis used for longer 
continuous periods of time. The latter 
type is shown in Fig. 12-24. The details 


Fig. 12-24. Complete torch, hose, and electrode lead 
assembly. This is a flexible body torch and it is 
water-cooled. 


of this torch and its connections are 
shown in Fig, 12-25. Note that the torch 


body is flexible to enable positioning the 
electrode at different angles to the 
torch handle, 

These torches must be sturdily con- 
structed, leakproof (both for the inert 
gas and for water, if water-cooled). 
Leaks of either fluid may contaminate 
the weld and, in the case of the inert 
gas, will be costly. 

Plastic insulating materials are used 
to cover the torch. The electrical con- 
nections must have a minimum resist- 
ance, both for economy and to minimize 
heating of the torch, The electrical 
connection to either the tungsten elec- 
trode or to the consumable electrode 
wire must be excellent, 

The complete torch unit should be as 
light in weight and as well balanced 
as possible. 


12-18. TUNGSTEN ELECTRODE 
TORCH (TIG) 


Tungsten electrode torches come in 
many sizes, capacities, and shapes. 
Two basic models are available: 

1. For short-length tungsten elec- 


Fig. 12-25. Exploded view of gas-tungsten-arc torch and hose assembly. This torch has a flexible body which 
(Falstrom) 


can be bent to suit the job. 
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Fig. 12-26. Stub length tungsten electrode torch. 
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Fig. 12-29. Stub electrode gas-tungsten-arc torch with 
transparent nozzle. Arc end of tungsten electrode has 
been prepared for DC welding. (Tec Torch, Inc.) 
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Fig. 12-27. Full length tungsten electrode torch. Fig. 12-30. Stub electrode gas-tungsten-arc torch for 


welding in confined positions. Note the small head. 


(KGM Equip. Co.) 
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Fig. 12-31. Torch with hinged head for welding at 


various angles. (Weldma Co.) 


E 1 "s 
| TUNGSTEN PME -—- 
LE d! ELECTROD i 
Ea 90 DEG. POSITION 
t | a 180 DEG. POSITION 
Fig. 12-28. Cross section of a gas-tungsten-arc weld- Fig. 12-32. Hinged torch head shown in two positions. 
ing torch. (Linde Co.) This torch is air-cooled and has a 100 amp. capacity. 
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trodes (stub) as shown in Fig. 12-26, 

2. For tungsten electrodes of 6 to 7 
in. in length as shown in Fig. 12-27. 

The chuck used to hold the tungsten 
electrode is usually made of steel. Some 
are operated by fingertip pressure (with 
gas cup removed), some need a chuck 
wrench to operate them, and some are 
operated as shown in Fig. 12-28, A 
stub tungsten electrode torch with a 
transparent cup or nozzle is shown in 
Fig. 12-29, A similar type of torch 
which has an opaque cup or nozzle is 
shown in Fig. 12-30. 

Some of the torches have a manually 
operated switch on the torch to oper- 
ate the inert gas solenoid valve, as 
shown in Fig. 12-31. The valve should 
be opened before the arc is struck, and 
it should be kept open for afew moments 


j 
HEIGHT ADJUSTMENT 
RACK 


Fig. 12-33. Pen-size gas-tungsten-arc torch. 
(Arco Pen) 


commercially. 

Gas tungsten arc torches are also 
made for automatic welding. This type 
torch has an appearance similar to the 
automatic gas cutting torch as shown 
in Fig. 12-34. Most of these torches are 


E 
WATER IN 


Fig. 12-34. Gas-tungsten-arc torch designed for automatic welding. 
(Tec Torch) 


after the arc is broken (until the tung- 
sten electrode cools) to prevent oxi- 
dation of the tungsten electrode, 

A short electrode adjustable angle 
torch is shown adjusted totwo different 
positions in Fig. 12-32. 

The gas, electrical, and water con- 
nections must be clean and tight. 

The torches vary in size according 
to the amount of current they are to 
handle, Torches are available as air- 
cooled models up to 200 amp. capacity. 
Torches ofthe higher amperage capaci- 
ties are available in water-cooled 
models. Fig. 12-33, shows one of the 
smallest air-cooled models available 


water-cooled. A cross section of this 
type of torch is shown in Fig, 12-35, 


12-19. NOZZLES 


Nozzles used on these torches are 
usually made of ceramic materials, 
steel (chrome-plated materials), plas- 
tic materials, and glass (pyrex) 
materials, 

The nozzle must be fastened to the 
torch body with a leakproof joint. They 
must have the correct gas flow open- 
ing, and they must be centered around 
the electrode to provide a concentric 
gas flow. 
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ELECTRICAL LEAD 
AND WATER OUT 


NOZZLE 


Fig. 12-35. Cross section of a water-cooled gas-tungsten-arc torch designed for 
automatic welding. This torch is designed with = capacity of up to 500 amps. 


(Weldma Co.) 


Ceramic cups are usable up to stability, One make is Vycor, which is 
approximately 250-300amps. flow, stable totemperature s above 3000 
Above this level, water-cooled metal deg. F. 


cups are neéded, Fig. 12-36, illustrates Glass cups (Pyrex) have been used 
several different ceramic cups. to some extent, 
Plastic type cups are made of a The metal cups are heavy-duty cups. 


transparent plastic ofhightemperature They canbe designed with built-in water 
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cooling passages. They are usually 
chrome-plated to reflect heat radiation 
and to prevent accumulations of weld 
splatter. 


12-20. TUNGSTEN ELECTRODES 


Tungsten electrodes are more popu- 
lar than carbon electrodes in noncon- 
sumable electrode inert gas-arc weld- 
ing applications. 

Four types of tungsten electrodes 
are used: 

1, Pure tungsten AWS-ASTM EWP. 

2. Tungsten with 1 percent zirconium 
lioxide (ZrO5) AWS-ASTM EWZr. 


Fig. 12-36. Ceramic nozzles for inert gas-tungsten- 
arc welding torches. (Diamonite Products Mfg. Co.) 


An inert gas metal-arc welding outfit. A light duty torch is being used. The wire drive unit is in 
the cabinet an top of the constant potential DC welder. (A. O. Smith Corp.) 
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3. Tungsten with 1 percent thorium 
dioxide (ThO9) AWS-ASTM EWTh-1, 

4. Tungsten with 2 percent thorium 
dioxide (ThO2) AWS-ASTM EWTh-2. 

The pure tungsten is least expensive 
and it is satisfactory for most welding 
applications, but is consumed faster. 

Electrodes with Zirconium Dioxide 
content last longer and provide a more 
stable arc. They are used frequently 
with AC high-frequency stabilized cur- 
rent. The thorium dioxide content en- 
ables easier arc starting, provides a 
more stable arc, reduces weld con- 
tamination, The 2 percent thoriated 
electrode has a longer life than the 1 
percent electrode, There is alsoavail- 
able a pure tungsten electrode with 
stripes of thorium dioxide. 

One company uses a color code to 
identify the four types of electrodes. 
Green is for the pure tungsten, brown 


hammer 


for o 
and larger 


Hold electrode at an 
angle over edge of a 
hard surface with the 
portion to be broken 
off projecting. Grip 

| the electrode near the 
edge. With a hanimer, 
strike projecting end 
close to supporting 
surface. directing the 
blow away from 

the edge 


Fig. 12-37. Proper ways to retip tungsten electrodes. 


pliers-shearing 


for *,," 

and smaller 

Grip electrode 
between plier cutters 
at exact point to be 


removed. Hold pliers 
level with electrode 


but at a slight angle 
As cutting pressure is 
applied with pliers 
pull back slightly 
with hand grasping 
electrode 


is for the zirconium, yellow is for the 
one percent thoriated, and red is for 
the two percent thoriated electrodes. 


These electrodes come in a range of 
lengths 3 to 24 in. Some popular lengths 
are 5, 6, 7,8, 9, 12, and 18 in. The most 
popular lengths are 3 in. and 7 in. 

The diameters of the electrodes vary 
from .010 to .250 in, dia. Some popular 
sizes are .040, 1/16 (.063), 3/32 (.093), 
1/8:(125), 5/32 (156), amd 3/95 4.108). 


12-21. CARE OF TUNGSTEN 
ELECTRODES 


The electrode must be straight. If it 
is off center in the cup the weld may 
become contaminated. As the electrode 
is used, it becomes brittle up to 3/8 in. 
back from the arc end. If you use a pair 
of pliers and grasp the arc end of the 
electrode, the electrode can be broken 
off easily to form a new clean arc end. 

The tungsten must be clean, It must 
have good electrical contact with the 
collet, and it should be adjusted to ex- 


pliers-breaking 


for s" 
and smaller 


Hold electrode in pair 
of standard pliers 
with oniy section to 
be broken extending 
beyond jaws. Grasp 


grinding 


for 
all sizes 


With one hand, hold 
electrode ] to 2 
inches from end to be 
pointed and press 


lightly against 
this projecting portion 
with other pliers 
Break off by bending. 


grinding wheel. With 
other hand rotate 
electrode while 
grinding 


(Sylvania Electric Products) 


tend 1/8 in. beyond the end of the cup. 
It is extremely important that the 
helium or argon hose and all the con- 
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nections be tight because air or mois- 
ture in the inert gas would be harmful 
to the weld, 

Fig. 12-37, shows the proper way to 
break and/or condition the rod for best 
results, If the retipping is not properly 
done, the tungsten electrode may 
shatter and/or split, 

Conditioning the electrode end for 


ELECTRIC GRINDING WHEEL 
MOTOR . ELECTRODE 


ELECTRIC 
Ee 


Fig. 12-38. A special grinder used to grind points on 
tungsten electrodes in preparation for DCSP arc weld- 
ing. Note that both the electrode and grinding wheel 
are rotated to obtain a uniformity ground point. 
(Weldma Co.) 


WIRE FEEDER 


MANUALLY 
HELD GUN 


DC welding is very important, Hig. 
12-38, illustrates a grinding machine 
especially designed to grind the elec- 
trode end safely and accurately. 


12-22. CONSUMABLE ELECTRODE 
(WIRE) UNIT (MIG) 


The consumable wire torch is con- 
structed much the same as the tungsten 
electrode model, The major differences 
are the tube built intothe torchtocarry 
the consumable wire and the controls 
needed by the operator. 

One model has the wire spools in an 
automatic feeding machine andthe con- 
sumable wire is fed through a flexible 
tube up to the arc point, Variable speed 
rollers push the wire through the tube. 
Fig. 12-39, shows a view of sucha ma- 
chine which may be used for either 
semiautomatic or automatic gas metal- 
arc welding. 

Another model mounts a small spool 
of wire in the torch and also incor- 
porates the drive motor in the torch. 
This type unit eliminates pushing the 


—— CONTROL SYSTEM 


WELDING 
MACHINE 


Fig. 12-39. Schematic drawing of a combination manual and automatic gas metal- 
arc welding outfit. 
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wire through the long tubes. A special 
version of this type torch is to mount 
the feed motor in the torch and pull the 
electrode wire through its guide tube to 
the torch. 

The complete station isillustratedin 
Fig. 12-40. Note the electrode wire 


Fig. 12-40. Diagrammatic 
view of a semiautomatic gas 
metal-arc welding outfit. 
(Arcos Corp.) 
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reel, the lubricator mounted near the 
electrode wire feed rollers. The valve 
in the inert gas line is operated elec- 
trically. The construction of a semi- 
automatic gas metal-arc inert gas arc 
welding outfit is shown in Fig. 12-41. 
The instrument and control panel hasa 
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Fig. 12-41. Inert metal-arc 

unit, showing wire reel, wire 

feed rollers, leads, controls, 
and torch. 
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Fig. 12-42. Wiring diagram of gas metal-arc welding outfit. 


hi-low switch (current), a dip transfer 
to spray arc control and a voltmeter, 
Note the electrode wire reelinthe rack, 
the feed wire wheels and the number of 
leads going to the torch. Fig. 12-42, 
shows a wiring diagram of a semiauto- 
matic gas metal-arc welding machine. 
The wiring diagram includes the elec- 
trical connections of the control and 
wire feed units. 


12-23. GAS METAL-ARC TORCH 


A gas metal-arc torch with its leads 
and hoses is shown in Fig. 12-43. The 
nozzle is made of metal. The cables and 
hose are kept together by using tape. 


Fig. 12-43. Assembled torch, leads, and hose for gas 


(Auto Arc-Weld Mfg. Co.) 


metal-arc welding outfit. 
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This torch has a starting switch with a 
guard to prevent accidental starting and 
also to reflect the arc radiation from 
the operator's hand, The torches are 
available in many different styles, some 
of which are shown in Fig. 12-44. 


Fig. 12-44. Three styles of gas metal-arc torches. 
(Linde Co.) 


The torch nozzle must be kept clean 
both inside and outside and the tube 
through whichthe electrode wire passes 
should be cleaned each time the elec- 
trode reel is changed. Fig. 12-45, 
illustrates the details of a gas metal- 
arc torch or gun. Note the knurled 
nozzle for ease of assembly. The pin 

Fig. 12-45. Gas metal-arc torch. (Arcos Corp.) 


NOZZLE 


switches are used to "inch" the elec- 
trode wire forward or backward, while 
the lower switch is used to start the 
welding process. Most machines are 
wired to start and operate the wire 
feed rollers only when the arc is 
actually operating. 


12-24. CONSUMABLE 
ELECTRODE WIRE 


Welding wire used for consumable 
eléctrode inert gas welding is similar 
in many ways to the filler rod used in 
gas welding. The wire contents must 
match the base metal being welded and 
must have deoxidizers included. 


SHIELDING 
GAS 


SLAG 
COVERING 


Fig. 12-46. Diagrammatic view of flux-cored wire in 
combination with gas shielding, as used in gas metal- 
arc welding process. 


The wire comes in a variety of diam- 
eters, a variety of compositions, andis 
usually furnished in 1 2,752 20r000 
lb. spools. 

Some of the more common diameters 
are: 2025. 2030, .035, 025: 1/32, 3/54. 
1/16, 55164953 322 573298 

Another process which uses flux- 
cored welding wire is available. The 
wire is in the form of a small tube and 
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Fig. 12-47. Portable gas metal-arc welding outfit with powdered flux feed unit. 


the tube is filled with welding flux, The 
outside diameter (OD) is 1/8 or 3/16 in. 
The wire is formed from strip metal 
and the powdered flux is trapped in the 
tube as the tube is formed, This flux- 
cored wire may be used incombination 
with CO inert gas or it may be used 
alone, 

When used with carbon dioxide, the 
gas protects the metal in the arc and 
the metal in the puddle. The flux deox- 
ides the metal, scavanges the impuri- 
ties, and forms a slag to protect the 
weld metal once the metal leaves the 
gas shield, as shown in Fig. 12-46, The 
arc has less splatter than when the gas 
is used alone. 


Solid wire may also be used with a 
combination of inert gas and flux, This 
process uses the principle of mag- 
netism to hold the flux onthe electrode, 
The iron powder flux adheres to the 
wire due tothe magnetic field surround- 
ing the electrode; This magnetic field 
is caused by the welding current flowing 
through it, The powder flux is fedtothe 
torch cup by gravity and is carried to 
the nozzle by the flow of carbon 
dioxide gas. 

There are several variations of these 
processes, Fig. 12-47, shows a portable 
unit with an electrode wire feed, acon- 
trol system, a powder flux container 
and feed tube. 
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A continuous flux feed, manually 
operated gun-type machine is shown in 
Fig. 12-48. 
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Fig. 12-48. Electrode wire and flux feed unit. 


The torch or gun can be mounted on 
a constant-speed carriage to obtain 
automatic welding results as shown in 
Fig. 12-49. 
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12-25. WATER-COOLING 
EQUIPMENT 


When currents of over 250-350 amps. 
are needed, the heat generated neces- 
sitates that the torch be water-cooled. 
The water is carried to the torch, and 
then to the drain through flexible hose. 
In most cases, solenoid valves are used 
to control the water flow, 

If a water source is not available, or 
if the available water contains impuri- 
ties, portable water-cooling equipment 
is often used, as shown in Fig. 12-50. 
The internal construction of the re- 
circulating water-cooler is shown in 
Fig. 12-94 


12-26. INERT GAS ATMOSPHERE 
CHAMBERS 


In addition to using inert gases as a 
flowing gas shield aroundthe arc, much 
arc welding is done in an inert gas 
chamber. 

Two types are: 

1. Small units where the operator 


Fig. 12-49. Motorized attachment used to automatically move flux and wire fed torch along seam. 
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Fig. 12-50. Recirculating water system for use on 
water-cooled gas-tungsten-arc and gas metal-arc out- 
fits. Two different water containers are shown, how- 
ever pumping unit on top of each container is the same. 


stands outside the chamber with arm 
and glove manipulators to handle the 
electrode holder. 

2. Large units with gas locks. The 
chamber is full of inert gas and the 
operators use gastight suits similar 
to diving outfits, 

Fig. 12-52, shows a small reach-in 
inert atmosphere welding chamber, The 
arm reach-in openings are just below 
the observation window, This unit hasa 
vacuum pump and a refrigerating unit 
to cool and dry the inert atmosphere 
(the inert atmosphere must be as dry 
as possible), and a recirculating sys- 
tem to filter the inert gas. 

A unique method of providing aninert 
atmosphere welding chamber is shown 


Fig. 12-51. Cross section view of water circulating unit used on water-cooled welding machines. 


(Bernard Welding Equip. Co.) 
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Fig. 12-52. Inert gas atmosphere cabinet. Metals which are difficult to weld in 
normal atmosphere may be welded in this chamber in inert gas atmosphere. 


(S. Blickman, Inc.) 


in Fig. 12-53, The flexible bag is in- 
flated with the inert gas; therefore, no 
air is in the bag. The bag is designed 
to permit use by three operators atthe 
same time. 


Fig. 12-53. Welding titanium in an atmosphere of in- 
ert gas within an inflated plastic container. 


(Boeing Co.) 


12-27. ARC SPOT EQUIPMENT 


The gas-tungsten-arc welding sta- 
tion, and the gas-metal-are stationcan 
also be used for arc spot welding, and 
for arc hole piercing. 

The standard cup or nozzle is re- 
placed with a special nozzle, anda 
timer is placedinthe electrical circuit. 

For spot welding, the gun is placed 
over the spot on the lapped metals to 
be welded together, The arc is started 
and then at the correct interval oftime 
(this time varies with the metal thick- 
ness and the amount of current) current 
from the welding machine is switched 
off. Fig, 12-54, shows a gun for inert 
gas metal-arc spot welding. 

For are hole piercing, the gun is 
modified to start an are in an inert 
atmosphere provided by a special cup 
or nozzle pressed against the metal to 
be pierced, At the end of acertaintime 
sequence, a timer operating a solenoid 
valve controlling a high-pressure inert 
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gas supply releases the gas pressure on 
the molten spot andthe pressure forces 
the molten metal through the plate 
forming a fairly accurate size and shape 
hole in the metal, 


Fig. 12-54. Inert gas metal-arc spot welder showing 

arc end of ceramic nozzle and how gun is held. Arc 

is completely covered and therefore hand and eye pro- 
tection are not needed. (Tec Torch) 


12-28. CARBON ELECTRODES 


Carbon electrodes may be used to 
weld metals in an inert atmosphere. 
These electrodes are not used as fre- 
quently or as much as tungsten elec- 
trodes. The same specifications of the 
carbon rods, as listed in CHAPTER 6, 
are used for inert gas carbon arc 
welding. 


12-29. HELMETS 


Because of the clearer atmosphere 
around the arc, the operator must use 
darker shade arc welding lenses tore- 
duce eye fatigue. Most helmets for inert 
gas-arc welding use a clear cover 
glass, a colored lens, an infrared lens, 
and a clear cover lens, It is important 
that all these lenses be used and that 
they be clean. The infrared filter lens 


is of clear color but it has a metallic 
coating to practically eliminate "eye 
burn." Itis also recommended that flash 
goggles of approximately #2 shade be 
worn under the helmet, See PAR. 11-20. 


12-30. PROTECTIVE CLOTHING 


Asbestos and leather clothing are 
recommended, Wool is satisfactory. 
Cotton does not provide sufficient pro- 
tection, and it deteriorates rapidly 
under infrared and ultraviolet rays. Al- 
ways wear dark clothing to reduce re- 
flection of light behind the helmet. 

The clothing should be without cuffs 
or open pockets as these will collect 
sparks. 


12-31. MAINTENANCE OF GAS 
METAL ARC WELDING 
EQUIPMENT 


The Gas Metal Arc Welding mecha- 
nism requires good maintenance, which 
includes: (1) the welding current 
source; (2) the inert gas equipment; (3) 
the wire roll equipment; (4) the wire 
moving equipment; (5) the leads; and 
(6) the welding gun. Previous para- 
graphs have explained some of the 
maintenance operations. Some other 
maintenance steps one must follow 
regularly are: 

If a wire spool is used, keep the wire 
on the wire spool clean. Keep the spool 
covered except when replacing it. 

The wire spool must move freely on 
its shaft. 

The wire must not have any sharp 
bends or kinks. 

The wire feed rollers should be 
cleaned each time a new spool of wire 
is installed. 

The wire should be lightly lubricated 
before the wire enters the rollers. See 
Hig, 2-00, 

The welding 


cable should be as 
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Fig. 12-55. The lubricated felt pad both cleans and 

lubricates the wire before the wire reaches the feed 

motor rollers. Friction drag is reduced as much as 
50 percent. 


straight as possible to improve the 
wire feed, 

Always electrically ground the weld- 
ing machine. 

The gun nozzle should be kept as 


clean and as free from metal spatter 
as possible. See Fig. 12-56. 


ELECTRODE 


ka. 
1 s 


S 


/ 


NOZZLE 


Fig. 12-56. A nozzle reamer used to keep the nozzle 
clean and free from metal splatter. 


12-32. TEST YOUR KNOWLEDGE 


1. What is an inert gas? 

2. What does a flowmeter measure? 

3. Why must the tungsten electrode 
be straight? 

4. How is the tungsten electrode held 
in the torch? 

5. Of what materials are torch cups 
made ? 

6. Are some arc welding machines 
made that will increase the ampere 
flow as the arc potential increases? 

T. Under the same welding conditions, 
would one use more cu. ft./hr. of 
helium or argon? 

8. What is the allowable moisture con- 
tent of inert gases for arc welding? 

9, How is argon stored incylinders? 
10, What method is usedto manufacture 
oxygen? 

11. Which is the most expensive per 
cubic foot, argon or carbon dioxide ? 


12. Is oxygen ever added to inert gas 
for arc welding purposes? Why? 

13. When is high-frequency stabiliza- 
tion necessary? 

14, Are water-cooled gas-arc torches 
used? Why? 

15. What is a magnetic flux inert gas 
welding system? 

16, Explain the drip transfer method, 
17. When is a pointed tungsten elec- 
trode used? 

18, Is nitrogen used in the inert gas 
mixture when welding steel? Why? 

19, How does the CO» molecule differ 
from the argon and helium molecules? 
20. As the inlet pressure to a flow- 
meter increases, how does this in- 
crease affect the flowmeter reading? 
21.In Fig. 12-29, for what type of 
current flow has the electrode been 
prepared? 
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ELECTRIC 
RESISTANCE WELDING 


The fundamental principle upon which 
all resistance welding is based is that 
when an electrical current is sent 
through metal the resistance of the 
metal to this electrical flow heats the 
metal. By applying sufficient current, 
the resulting high temperature may 
produce fusion temperatures and make 
welding possible. 

The term electric resistance welding 
includes a variety of welding applica- 
tions, anditis described under a variety 
of names such as Spot Welding, Shot 
Welding, Gun Welding, Flash Welding, 
Stud Welding, Spike Welding, Upset 
Welding, Press Welding and others. 
Some of these names are official Amer- 
ican Welding Society nomenclature, 
others are common usage''shop''terms, 

Resistance welding has a number of 
advantages, It is fast, there is very 
little warpage of the metal, the process 
can be accurately controlled, and the 
welds are consistently uniform. This 
type of welding is particularly well 
suited to all forms of automatic 
production. 


13-1. PRINCIPLES OF ELECTRIC 
RESISTANCE WELDING 


When an electrical current is passed 
through two pieces of metal that are 
touching, the local high resistance 


Spot welder being used to fabricate a part from sheet 

metal. Notice shape of upper electrode. This shape 

is necessary because of the recessed location of the 
spot weld. (Delta) 
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generates or produces a hightempera- 
ture. If enough current is used, the 
metals will become plastic, and then 
molten, If the two pieces are pressed 
together while their surfaces are plas- 
tic, or molten, the pieces will fuse into 
one piece. Fig. 13-1, illustrates the 
parts of an elementary resistance spot 
welder. Because the two pieces cannot 
be in perfect contact, the parts of the 
metals that form the contacting sur- 
faces offers the highest resistance and 
therefore these surfaces heat up first 
and to the highest temperature, If the 
metal is pressed together while plas- 
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welded by the forge pressure. The cool- 
ing period is known as Hold Time and 
the period of time from the release of 
the electrodes from the work after 
cooling to the start of the next weld 
cycle is known as the Off Time of the 
machine, 

The size of the weld is controlled by 
the surface area at the contact face of 
the electrodes. This area canbe varied 
by choosing sets of welding electrodes 
used to give the area of contact de- 
sired. The welds can be done very 
rapidly and the resultant weld is clean 
and strong. The electrodes must be 
made of a high conductivity metal and 
also a wear-resisting metal, usually a 
copper and beryllium alloy. The metal 
being welded must be clean, the elec- 
trodes must be clean and correctly 
shaped. The operator should protect 
himself from flying sparks by wearing 
flash goggles, gloves, and coveralls. 
Some of the automatic machines havea 
casing surrounding the weld, with win- 
dow inserts to enable the operator to 
safely observe the welding operation. 


SPOT WELDS 


A 


NUGGET 


Fig. 13-4. Two pieces of metal, lapped, and spot 
welded in two places. Note the nugget where the fusion 
of the two pieces takes place. 


Automatic resistance welding ma- 
chines are accurately set up by special- 
ly trained technicians and engineers, 
who are usually trained by the manu- 
facturers of the equipment, 

Manually operated machines depend 
to a great extent on the operator for the 
control of the variables. The size of the 
electrode contact areas is of consider- 
able importance, and specifications are 
provided by the manufacturer giving 
electrode sizes, currents, time, and 
pressures recommended for varying 
thicknesses and kinds of metal. 

Special problems such as welding 
two pieces of different thickness to- 
gether, or welding sheet steelto solid 
rod, etc., require considerable inge- 
nuity on the part of the setup man or 
the operator. 


13-3. TYPES OF ELECTRIC 
RESISTANCE WELDING 


There are several types of resis- 
tance welding equipment based on the 
above principle. Some of the more 
common types are: 

1. Spot Welding. 

2. Gun Welding. 

3, Shot Welding. 

4. Upset Welding. 

9, Flash Welding. 

6, Seam Welding. 

7. Projection Welding. 
8. Spike Welding. 

9, Stud Welding. 

10. Metal Foil Welding. 

11. Metal Fiber Welding. 

12. Percussion Welding. 

13. High Frequency Resistance Weld- 

ing. 

All of these operations are funda- 
mentally the same, but the preparation 
of the metal may be different, and the 
construction of the machine may be 
ditrerent 
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13-4. SPOT WELDING PRINCIPLES 


One way to join sheet metal parts is 
to drill holes and either rivet or use 
machine or sheet metal screws to fasten 
the parts together, Another way to join 
sheet metal parts is to spot weld them 
together. 

Spot welding is resistance welding 
two pieces of metal together with a 
small nugget of fused metal, It consists 
of lapping two pieces of metal and 
clamping the joint between two elec- 
trodes. A current is then passed be- 
tween the two electrodes; the resistance 
of the sheet metal between the elec- 
trodes heats the metal at the clamped 
spot, and the clamping action results in 
a fusion of the metals at that particular 
spot, Fig. 13-4, shows a diagram of 
spot welding in both plan and cross 
section. This method is popular in 


manufacturing processes, either as a 
preliminary step to other forms of 
welding, or as a final procedure. 

To operate a manual spot welder, 
the operator must clean the electrodes, 
turn on the cooling water, set the vari- 
able transformer to the correct cur- 


Fig. 13-5. A 10X macrograph of = spot weld nugget in 
cross section. The material is mild steel .094 in. thick. 


(Taylor-Winfield Corp.) 


rent, and turn on the power, Place the 
metals being welded on the stationary 
electrode. By pressing the foot lever, 
you press the movable electrode against 
the metal. Pressing the foot pedal a 
little further will close the electrical 


Fig. 13-6. A pneumatically powered spot welder. The 
timing of the weld is electronically controlled. 
(Acro Welder Mfg. Co.) 


switch manipulated by the lever, The 
spring on the lever and its tension 
adjustment, control the pressure during 
welding. When the operator estimates 
the proper time elapsed, the currentis 
discontinued by pressing the foot lever 
to the bottom which opens the lever 
electrical switch, Also, the maintaining 
of the pressure after the currentis shut 
off, enables the molten nugget to cool 
and fuse before the clamping pressure 
is released, Fig. 13-5 shows across 
section of a spot weld in mild steel. 
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Spot welders have been built with 
several operating devices such as me- 
chanical-electrical electrode move- 
ments, pneumatically powered elec- 
trodes, and hydraulically powered elec- 
trodes, The electrical circuits have 
been controlled by both vacuum tube 
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circuitry and solid state circuitry. Fig. 
13-6, illustrates a bench model spot 
welder, pneumaticaly powered and 
electronically controlled. 

Many automatic machines have been 
developed using this method of welding. 
Spot welders have been made in many 
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Fig. 13-7. Gun welding machine. Note that the transformer on this welder is sup- 


ported by a rail overhead. 


(Progressive Welder and Machine Co.) 


13-6 


Electric Resistance Welding 


combinations of electrode arrange- 
ments, etc. However, most of the ma- 
chines of over one set of electrodes, are 
machines designed for special pro- 
duction purposes. Automobile body pro- 
duction is a good example of the resist- 
ance spot welding method used in mod- 
ern production, 


13-5. GUN WELDING 


A Gun Welder is a portable form of 
resistance welder which is designed to 
enable the spot welder machine to be 
moved easily from place to place and 
then positioned to fit irregular sur- 
faces. Fig. 13-7, shows a typical Gun 
Welder, "Gun" welders are popular in 
production sheet metal fabricating 
shops, such as in automobile body 
fabrication, The electrodes are usually 
operated either hydraulically or pneu- 
matically. The timing, pressure, and 
amount of current are usually specified 
by the engineer and technician. The 
operator has only to select the places 
to weld, put the nonmoving electrode 
against the metal, pull the switch (trig- 
ger) and the automatic controls do the 
rest, The operator must keep the elec- 
trodes in good condition. The most 
common method is to occasionally re- 
place the electrode tips. 

Some portable welders are of the 
seam welder principle (see PAR. 13-9). 


13-6. SHOT WELDING 


Shot welding is an unofficial (shop) 
term applied to special spot welding 
where a carefully controlled amount of 
current is used for a very brief inter- 
val. Shot welding is necessary when spot 
welding aluminum, its alloys, and stain- 
less steel. The timing is so short an 
interval that only electronic controls 
can do a satisfactory job of timing the 


length of time the current flows. The 
basic principle is to heat the metal as 
fast as possible, then cool it as fast 
as possible to minimize heat treating 
and oxidation abuses. Shot welding is 
usually performed on press type, pneu- 
matically operated and electronically 
timed resistance (spot) welders. 


13-7, UPSET WELDING PRINCIPLES 


Upset welding consists of clamping 
two pieces of metal to be welded to- 
gether in separate electrode jaws, The 
two metals are then brought together as 
shown in Fig. 13-8. In upset welding the 


UPSET-R - 


Fig. 13-8. Basic principleofupset welding. The diam- 
eter of the rod is increased in the area of the weld. 


two pieces are touched together, heavy 
current is passed from one piece tothe 
other, and the resistance to the elec- 
trical flow heats the faces to fusion 
temperature. The two pieces are 
pressed together (upset) under pres- 
sure while the current is flowing and 
after the current is turned off, The 
metals fuse together and upon cooling 
become one piece. 

This process, by its upsetting action 
mixes the two metals intimately, tends 
to push the impurities, if any, out of 
the weld and reduces the heated zone 
to a minimum, Fig. 13-9, shows a 
method of clamping the parts and an 
electrical wiring diagram. 


13-8. FLASH WELDING 


Flash welding is a form of butt weld- 
ing which uses considerable pressure 
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Fig. 13-9. Fundamental wiring and mechanism of an upset welder. 


to join the parts together, when the 
plastic temperature of the metal is 
reached, This method of welding is 
used extensively in production work, 
particularly in welding rods and pipes 
together. 

The two pieces to be welded are held 
by clamps in a special flash welding 
machine. The parts are brought to- 
gether and the resistance tothe current 
flow heats the contacting surfaces. As 
soon as the metal has been brought to 
its melting temperature, the currentis 
shut off and the pieces are rapidly 
brought together under considerable 
pressure, When this action takes place 
the squeezed molten metal gives off 
sparks or a flash, hence the name, As 
the metal is heated to its plastic state, 
the pieces are forced together under 
high pressure which forces fused metal 


and slag out of the joint making a good 
solid weld. Fig. 13-10, shows two 
pieces of metal before and after being 
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Fig. 13-10. Metal before and after it has been flash 


welded. 
"flash" welded together, while Fig. 
13-11, is a schematic diagram of a 


flash welder. 


13-9. SEAM WELDING 


Most seam welding produces a con- 
tinuous or intermittent seam weld near 
the edge of two overlapped metals, by 
using two roller electrodes. As these 
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Fig. 13-11. Schematic drawing of a flash welder. Note how the heated metals are 
pushed together with considerable pressure by the upset block. 
(P. R. Mallory and Co.) 


rollers travel over the metal, the cur- 
rent passing between them heats the 
two pieces of metal to the fusion point. 
This might be called a seam, spot weld 
method, Fig, 13-12, shows aschematic 
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Fig. 13-12. Schematic drawing of metal being seam 
welded. 


diagram of a typical seam welder in 
operation. The spots can be timed to 
overlap or timed to have spaces be- 
tween the spots, The main object ofthe 
overlapped spots is to produce gas and 
liquid leakproof lap joints. Two types 
of seam welds are shown in Fig. 13-13. 

The intermittent overlap spot weld 
technique is used for metals that are 
critical to heat treatment. 

Another form of seam welding is 
called butt seam welding. This tech- 
nique is often used to butt weld a 
longitudinal seam in pipe. The two 
rollers are mounted at an angle and as 
they press on the pipe the pipe edges 
are forced together and the electric 
current brings the metal tothe plastic- 
molten condition and fusion takes place. 


13-10. PROJECTION WELDING 


Projection welding consists of form- 
ing slight projections or bumps on one 
piece of metal, The projections are 
accurately formed in precise locations 
on the metal by a special set of dies. 
After the projections are formed, the 
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raised portions on one piece are 
pressed into contact with another piece, 
while at the same time a heavycurrent 
is passed through the two pieces. When 
these raised portions touch the second 
sheet of steel, as they are clamped by 


OVERLAPPING 
SPOTS 


CONTINUOUS 


SEAM 


Macrographs of a projection weld in 
various stages of completion is shown 
in Fig, 13-15, Each successive photo- 
graph illustrates the effect of the num- 
ber of cycles of the electrical flow 
through the weld. 


END VIEW 


Fig. 13-13. Sketch showing metal that has been seam welded. A seam weld is made 

with wheel-type electrodes. If the current to the electrodes is turned off and on, 

a series of overlapping spots form the seam. An uninterrupted flow of current to 
the electrodes will form a continuous seam. 


the electrodes in a projection welder 
and the current is applied, current flow 
at the points heats and fuses the two 
pieces together. 

An advantage of this method is that 
it locates the welds at certain desired 
points. Also, several spots may be 
welded at the same time. However, the 
tooling required makes this method 
practical only when high production is 
planned, Fig. 13-14, shows a typical 
projection welding setup. 
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Fig. 13-14. Schematic drawing of metal before and 

after it is projection welded. Some of the depression 

formed when the projection is stamped remains on the 
top surface of the finished weld. 


13-11. SPIKE WELDING 


This type of resistance welding is a 
special application of the maximum 
energy, minimum time method of re- 
sistance welding. A common method is 
to store large amounts of current in 
capacitors, then discharge these capac- 
itors through the electrodes and through 
the metals to be welded. Electronic 
controls keep the current flow to an 
extremely small interval of time. The 
welding, therefore, takes place so fast 
that warpage is usually eliminated and 
contamination is also eliminated if the 
proper sequence of operation is fol- 
lowed, This process enables metals of 
different thicknesses to be welded to- 
gether successfully. It also enables 
successful welding of almost any metal 
or metal alloy. The method has been 
particularly useful for fabricating mis- 
sile components, where accurate align- 
ment of the assembly is of paramount 
importance. 

A spike welding machine looks very 
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similar to the standard spot welding 
machine, 


13-12. METAL FOIL WELDING 


Metal foil welding is a patented proc- 
ess, While it is a resistance welding 


electrodes and the joint iscovered both 
top and bottom with a thin foil (approxi- 
mately .010 in.) of metal of the same 
material as the metal to be joined, 

The foil tends to concentrate the 
welding current in the immediate area 
of the weld joint. The weld formed has 


Stage 1, Cold Set Down-No Cur- 
rent—Original Projection Height 
of .050 decreases .010 caused by 
.008 indentation and .002 projec- 
tion collapse. Sheet separa- 


tion .040. 


Stage 2, 1-Cycle Weld Time—Pres- 
sure Weld Forming with Tensile 
Shear Strength of 1050 Ibs.—Sheet 


separation .010. 
A 
m 


2-Cycle Weld Time—Strength 1750 
lbs.—Sheet separation of .007. 
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Stage 3, 4-Cycle Weld Time- 
Strength 2300 Ibs.—Sheet separa- 
tion .005. 
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Stage 4, 6-Cycle Weld Time- 
Strength 2600 Ibs.—Sheet separa- 
tion .005. 


Stage 5, 10-Cycle Weld Time- 
Strength 3125 Ibs.—Sheet separa- 
tion .002. This is last stage of 
welding without nugget formation. 
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Stage 6, 12-Cycle Weld Time- 
Strength 3100 lbs. —Sheet separa- 
tion .001. Nugget formation has 
started. Nugget diameter .150. 


8.Cycle Weld Time-Strength 
3000 Ibs.—Sheet separation .002. 


i 


Stage 7, 16-Cycle Weld Time- 
Strength 3700 Ibs.—Sheet separa- 
tion .0. Nugget diameter .160. 
This is recommended weld time. 


Stage 8, 20-Cycle Weld Time- 
Strength 4000 Ibs.-Nugget diam- 
eter .300. This last stage indi- 
cates increase in nugget size with 
increased weld time. 
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14-Cycle Weld Time-Strength 
3200 Ibs.-Sheet separation .0. 
Nugget diameter .160. 


Fig. 13-15. Samples of projec- 
tion welds as weld progresses 
from 0 cycles to 20 cycles (20 
cycles - 1/3 second) weld time. 
(Taylor-Winfield Corp.) 


process, it has many features which 
make it unique. As shownin Fig. 13-16, 
sheet steel may be butt welded with 
this process. The sheets to be butted 
together are placed between wheeltype 


a slightly raised bead as compared to 
a slight indentation from the usual 
resistance welding operation. Fig. 
13-17, shows the weld in its various 
stages of formation. This process is 
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Fig. 13-16. Principle of foil welding. Note butt joint, and that the foil serves as 
filler and reinforcing material. 


used in joining sheets for automobile 
body construction and similar uses be- 
cause this type seam may be finished 
by the usual metal finishing processes 
and therefore no solder or other "filler" 
material is required. 

An automatic metal foil resistance 
welding machine for welding automobile 
roof panels is shown in Fig. 13-18, 


13-13. METAL FIBER WELDING 


A metal fiber weld is usually a lap 
joint resistance weld. Metal fiber 
sheets are formed by "felting" very 
tiny filaments of the metal to be used 
to produce a finished sheet much like 
a thick sheet of felt cloth. A strip of 
this felted fiber is then placed between 
the two pieces of metal to be joined. 
Fig. 13-19 shows a cross section of the 
metal fiber and welding electrodes 
preparatory to performing a metal 
fiber resistance weld. 

Metal fiber welding is applicable toa 
variety of resistance welding jobs. The 
metal fiber used may be impregnated 


with various metals such as copper, 
brazing metals, silver or an alloy. 
Such fibers may be used to join two 
different metals together. Copper may 
be joined to stainless steel and other 
similar joints may be made. 

When resistance welding, using fiber 
metal, less electrode pressure is re- 
quired as the fiber offers a greater 
resistance to the flow of current than 
the solid metal so it heats first, and 
to a higher temperature. This high 
temperature condition at the surfaces 
of the metal to be joined greatly assists 
in forming a good resistance weld. 
Also, since a lower electrode pressure 
is required, less indentation of the 
metal will be made. 


13-14. PERCUSSION WELDING 


Percussion welding is a form of re- 
sistance welding in which the heating of 
the metals to be welded occurs over 
their entire surface area by an electri- 
cal discharge. The weld is made by 
applying force rapidly (percussively) 
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immediately after the electrical dis- 
charge occurs between the adjoining 
surfaces. 

The parts to be joined are held apart 
by a small projection (nib), or one part 
is moved toward the other. After the 
complete surface areas of both parts 
are heated to a welding temperature, an 
impact forces the metals together to 
complete the weld. 

Power supplies for percussion weld- 
ing are of four types as follows: 

1. Low voltage, capacitive storage. 

2. High voltage, capacitive storage. 

3. Electromagnetic or inductive stor- 

age. 

4. Low voltage AC that uses atrans- 

former to furnish the welding 
voltage. 
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The arc is initiated by high frequency 
(HF) imposed on the DC welding cur- 
rent, The welding force is applied 
through pneumatic cylinders, electro- 
magnets, springs, or gravity (falling 
weights). The metal after welding will 
be slightly shorter (burn-off) than be- 
fore welding, but this burn-off rate can 
be ignored when the currentis supplied 
by capacitor discharge. 


13-15. HIGH FREQUENCY 
RESISTANCE WELDING 


When extremely high frequency cur- 
rent flows through a conductor it flows 
at or near the surface of the metal and 
not through the entire thickness. 

This phenomenon of high frequency 


Fig. 13-17. Fusion action during foil butt welding process: AA-Start of weld. 
BB-Nugget is approximately one half developed. CC-Weld approximately com- 


plete. 


DD-This is an actual sample cross section of a completed weld etched 


and macrophotographed. 
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Fig. 13-18. An automatic metal foil resistance welding machine used to weld a seam on automobile roof panels. 
The panels are clamped in the fixtures, and the seam welder is moved toward the fixture. When the full length 
of the seam has been welded, the seam welder is moved back to the starting position. 

(Precision Welder, Flexopress Corp.) 


electricity has been used to weld sec- 
tions as thin as ,004 in. 

Low amperage current withfrequen- 
cies as high as 450,000 cycles per sec- 
ond are used, This highfrequency heats 
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Fig. 13-19. Setup for a metal fiber resistance weld. 

Diagram showing the principle of fiber metal spot weld- 

ing. The metal fiber mat is placed between the base 
metals before they are welded. 


the surface of the metal and when pres- 
sure is applied to force the metal parts 
together, an excellent fusion weld oc- 
curs at the surfaces of the parts. 

Copper has been welded to steel and 
alloy steel to mild steel by this method, 
Exotic metals can also be welded in an 
inert gas atmosphere. 

The electronic equipment needed for 
this high frequency resistance method 
of welding is very complicated and 
extensive special training is needed to 
become a competent technician for 
maintaining, adjusting, and servicing 
the machines, 


13-16. REVIEW OF SAFETY IN 
RESISTANCE WELDING 


Resistance welding and resistance 
welding equipment, if properly handled; 
is one of the safest types of welding. 
The greatest dangers are: (1) Flying 
sparks; (2) Electrical shock; (3) Hot 
or sharp objects;(4) Moving machinery, 
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It is recommended that alloperators 
of resistance welding equipment wear 
face shields or flash goggles. There 
may be some flying sparks or "flash" 
thrown from the joint being welded, Eye 
protection and clothing to protect from 
these hazards is necessary. 

The welding voltage across the elec- 
trodes is very low. The primary circuit 
wiring should be handled only by quali- 
fied electricians, All resistance weld- 
ers should be grounded. 

Naturally, any surface being welded 
will be very hot, Operators should 
always wear leather or asbestos gloves 
to protect the hands if it is necessary 


to handle the materials being welded 
or immediately after welding. Gloves 
will also protect the hands against sharp 
or ragged sheet metal edges. 

Most modern resistance welders are 
power operated. For this reason, the 
electrode pressures and forces maybe 
quite high, There is danger of injury 
if the operator's hand or fingers should 
accidentally be caught between the 
electrodes as they come together at the 
work. Safety devices are available and 
should be used to insure that no part of 
the operator's body can be in a danger 
area at the time the machine starts 
to operate. 


13-17. TEST YOUR KNOWLEDGE 


1. What kind of current is used ina 
resistance welder? 

2. How is the current changed by the 
transformer? 

3. Are resistance welding machines 
used for automatic welding? 

4. What is the difference between an 
Upset welder and a Flash welder? 

5. What metals are used for electrodes 
on spot welders? 

6. What metal alloyed with copper 
tends to make the electrode harder? 

7. How much current is passedthrough 
a spot weld? 

8. What is shot welding? 

9. What are the four greatest dangers 
when resistance welding? 
10. Name the four variables of resist- 
ance welding. 
11. Where is electric resistance weld- 
ing most commonly used? 
12. What is spot welding? 
13. Name the principal parts of an 
electric resistance welder. 
14. Is pressure used when spot welding? 
If so, why? 
15. Why do most gun welders have more 


secondary turns than spot welders? 

16. What is hold time? 

17. What usually happens if one 
attempts to spot weld corroded or 
dirty metal? 

18. Can a butt joint be welded usingthe 
seam welding machine? 

19. What causes the "flash" in a flash 
welder? 
20. May projection welding be don 
using roller electrodes? 

The following questions are to be 
copied, then answered by writing the 
letter prefix ofthe best possible answer 
of the five in space provided. 

21. What is the basic principle of a 
resistance welder? 
A. High conductivity of the metal 
being welded. 
B. Low conductivity of the metal 
being welded. 
C. Shortness of welding arc. 
D. Easy mixing of metals when 
molten. 
E. Adhesion of solids in plastic 
condition. 
Answer 
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22. What is the source of the welding 
current in most resistance welding 
machines? 
. Step-up transformer, 
Step-down transformer. 
. Motor generator. 
Rectifier. 
. Storage battery. 
Answer 


EgouU» 


23. What is a popular spot welder elec- 
trode material? 

Aluminum. 

Copper. 

Tungsten. 

Steel. 
Silver. 
Answer 


pM a 


24. What are the three variables ofre- 
sistance welding? 
A, Time, pressure and voltage. 
B. Time, voltage and amperage. 
C. Pressures, voltage and current, 
D. Pressure, time and current, 
E. Time, voltage and amperage. 
Answer 


25. In what physicalconditionis the spot 

weld while the weld is being formed? 

. It becomes a liquid, 

. It becomes a gas. 

. It stays in the liquid form. 

. It becomes plastic. 

. It becomes 50 percent liquid and 
50 percent gas. 
Answer 
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26. What is the most popular joint used 
when spot welding? 

A. Lap joint. 

Be Butt, joint, 


C. T-joint. 

D. Inside corner joint. 

E. Outside corner joint. 
Answer 


27. What resistance welding machine 
is used for making butt joints? 

A, Spot welder, 

B. Spike welder. 

C. Gun welder. 

D. Shot welder, 

E. Flash welder. 

Answer 


28. What type of resistance welding 
machine can make a continuous weld? 

. Spot welder. 

. Seam welder. 

. Spike welder, 

. Shot welder, 

Gun welder. 

Answer 


Boo» 


29. What type of resistance welding ma- 
chine requires indentations in the metal 
being welded? 

A. Flash welder. 

B. Butt welder. 

C. Spot welder. 

D. Projection welder. 

E. Gun welder. 

Answer 


30. What is the most important safety 
precaution to be taken when working 
on a spot welder? 
A. Be sure the water is turned on, 
B. Be sure the electrodes are tight- 
ly clamped. 
. Wear goggles. 
. Wear safety shoes. 
. Wear short sleeves. 
Answer 


ERO 
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Chapter 14 


RESISTANCE WELDING 
EQUIPMENT AND SUPPLIES 


Designing and constructing resist- 
ance welding machines involves acom- 
bination of electrical design, machine 
structures, mechanisms, and controls. 
The machines vary from simple mech- 
anisms to exceptionally complicated 
units. 

Accurate control of all three of the 
resistance welding variables is essen- 
tial if good resistance welds are to 
result, 

The Resistance Welder Manufac- 
turer's Association (RWMA) and the 
National Electric Manufacturer's 
Association (NEMA) have developed 
standards for resistance welding ma- 
chines, and these standards have en- 
abled the manufacturers to produce ma- 
chines of known rated capacity and 
recognized durability. 

The supplies required in resistance 
welding are chiefly electrodes and 
electronic control elements, 

Resistance welding equipment is 
classified in several ways, One way is 
according to the type of joint whichitis 
capable of producing, suchas a lap joint 
and a butt joint. Equipment for lap weld- 
ing is usually designed to produce either 
spot, seam, or projection welds. Equip- 
ment for butt welding is designed to 
produce either flash or upset welds. 

Another classification is according 
to the type of electrical power used: 

1. Single- phase direct energy. 

2. Three- phase direct energy. 

3. Stored energy. 

Of the three types, the direct energy 
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machines which use electricity direct- 
ly from the power line without storing 
it are the most popular. 


14-1. ELECTRIC RESISTANCE 
WELDING MACHINES 


In design, most electric resistance 
welding machines are quite similar. 
However, the manner in whichthe metal 
to be welded is held, and the appearance 
and position of the welding electrodes 
varies from machine to machine. 

The methods used to actuate the 
operating mechanisms of the machine 
and the methods used to controlthe var- 
ious time and welding factors also vary. 

Generally these machines may be 
divided into three main groups: 

1. Manual control of time and elec- 
trode pressures. 

2. Manual control of welding time 
with hydraulic or pneumatic pressure 
devices. Electric solenoids are usedto 
control both the fluid flow, the electrode 
force and the electricity flow. 

3. Automatic control of welding time 
with hydraulic, pneumatic, or electric 
solenoids being used to supply and con- 
trol electrode forces and electrical 
flow. 

The various parts of the manual 
machine are: 

A. Frame. 

B. Transformer. 

C. Welding arms or electrodes. 

D. Manipulating mechanisms. 

E. Control switches. 
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The transformer is of special con- 
struction and usually has several taps 
or adjustments. It may be either air- 
‘cooled or water-cooled. The secondary 
winding usually consists of one loop or 
of several parallel loops. The ends of 
these loops are soldered, bolted, or 
brazed to the electrode arms of the 
machine. 

The welding arms and operating 
mechanisms are different for eachtype 
of electric-resistance welder, How- 
ever, each one usually uses foot power 
to press the parts together; or a foot- 
operated switch in connection with 
electro-magnets, pneumatic cylinders, 
or hydraulic cylinders to perform this 
work. The operating mechanism also 
operates the welding current switch, 
As the mechanism acts, the switch is 
simultaneously turned on and off at the 
correct moment for corresponding po- 
sitions of the clamping arms or elec- 
trodes. The control switches are man- 
ual, primary circuit switches, and are 
designed to close at the proper time, 
and to give the correct amount of cur- 
rent (weld time). The National Electric 
Code and the local electrical utility 
require that all code regulations be 
observed and that power factor and 
other information, be considered when 
connecting these machines onto the 
power line. 

The welder switch usually has large 
copper contacts which may be easily 
cleaned or replaced. They are adjust- 
able both for wear and for correlating 
their timing with the movement of the 
welding electrodes or points. 

The various parts of the automatic 
machine are similar to the manually 
operated machine, with the exception 
that the movement of the electrode 
arms and the contacting of the switches 
is all performed automatically. Auto- 
matically timed electro-magnets, hy- 


draulic pressure, or air pressure do 
all of the operations. Once a machine 
is timed correctly for a certain oper- 
ation, the above device eliminates the 
human element, and the machine will 
repeatedly produce almost identical 
welds. 


14-2. TRANSFORMERS 


The electric-resistance type of weld- 
ing machine uses a transformer which 
is designed to use the voltage and cur- 
rent provided by the electric utility 
companies. Thistransformer must then 
deliver high amperage and low voltage 
electrical energy for use atthe welding 
electrodes or points of the machine. 
This type transformer is called a 
"step-down" transformer since it re- 
duces the voltage. 

For example, assuming 100 percent 
efficiency and 100 percent power factor, 
a step-down transformer will trans- 
form 20 amps. at 115V. to 100 amps. 
at 23V., or 1,000 amps. at 2,3 V. or 
10,000 amps. at .23 V. The resistance 
welding transformer usually delivers 
secondary welding current in the range 
of 10,000 to 100,000 amps. The second- 
ary circuit voltage is usually about 10 V. 
open circuit and may decrease to less 
than 1 V. when current flows. 

Most of these transformers are 
intermittent in operation, That is, they 
deliver current for only short intervals 
of time, The amount of time the trans- 
former delivers current in ratio to the 
off time, is called the duty cycle. If a 
transformer delivers current 3 seconds 
out of each minute (60 seconds) the duty 
cycle is 5 percent (3/60 = .05 i NA 5 

100 
percent). 

An interesting design problem is 
introduced in the design of resistance 
welders in that the primary windings, 
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A solid state controller used with resistance welders. This controller provides a weld cycle of specified 
squeeze, preheat, welding heat, post heat, quench, and temper. 
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Solid state electronically controlled resistance welding cycle. Note how the squeeze force and the heat level 
vary through the welding cycle. 
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the core, and secondary windings tend 
to move in relation to each other as the 
current flows and is then interrupted. 


WATER COOLED 


PRIMARY 
COIL 


SECONDARY 
FINS 


COIL 


Fig. 14-1. Schematic cross section of a resistance 
welding transformer. Note that the secondary circuit 
fins or bars have water-cooling coils brazed to them. 


A rigid design is needed to prevent 
insulation wear. 

The secondary winding is usually 
made of cast copper or rolled copper 


J 


/ 


p 


777 


F 
OGPLELLLILLLLLLLELLLLLLLLLLLLLE CLL LELLLLLLLLLELELELL LE LL LL 


BARLLLEBLALALLLEELE ERLE RE BRERLELERREREERE' 


SS 


[A 
A 
VA 
4 
A 
A 
a 
A 
a 
4 
n 
4 
A 
^, 
4 
4 
A 
A 
A 
4 
4 
4 
A 
4 
% 
4 
A 
A 
4 
VA 
u 
4 
A 
^ 
A 
v 
A 
A 
n 
y 
^ 


S 


RIII ZIIIIIIIIIF 


S 
Q 


START TAP 


7227727 
CLLiitiilitritisssisiitititiasitsissisidilitisdddibidhhhihhhhbdhibd 


bars, These bars are sometimes water- 
cooled--either by welding or brazing 
copper tubes to the bars or by using 
hollow bars to carry the cooling water 
as shown in Fig. 14-1. Smaller units 
may be air-cooled, 

The laminated core of the trans- 
formers is usually made of 4 percent 
silicon transformer iron, 

The insulation of the primary wind- 
ings must be such that accidental 
grounds cannot occur. Fig. 14-2, illus- 
trates a typical primary winding. Great 
care is taken to insulate the ribbon type 
primary windings from each other and 
from the frame. A secondary winding 
which consists of three parallel loops 
is shown in Fig. 14-3, This design is 
still considered as one winding even 
though the electricity divides intothree 
parallel paths, A wiring diagram for a 
resistance welder with a high-low tap 
and an eight-step primary winding is 
shown in Fig, 14-5, 

The transformers vary in capacity. 
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Fig. 14-2. The construction of the primary winding of a typical resistance weld- 
ing transformer. The conductor is flat or ribbon shaped and the turns are insu- 


lated from each other by fiber glass. 


(Taylor-Winfield Corp.) 
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Fig. 14-3. A typical secondary winding design for a resistance welding trans- 
former. In this case three bars are connected in parallel to increase current carry- 
ing capacity and still retain the one turn electrical function. 


Fig. 14-4. Schematic wiring diagram which shows ad- The capacity is usually listed as the 


justable primary windings of a resistance welding KW A (kilovolt-ampere) rating. These 
transformer. This unit has eight taps (adjustments) 


in the primary circuit. Fig. 14-5. Resistance welding transformer schematic 
wiring diagram. This unit has a high-low tap plus 
=n’ eight regular taps in the primary winding for purposes 
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transformers are rated on a different 
basis than most transformers. The KVA 
is the input or primary circuit rating. 
For example, with a 230 volt input and 
43.48 amps. flowing, the machine would 
be rated at 10 KVA, (230 x 43.48 - 
10,000.40. 
10,000 
1,000 

A welding transformer is usually 
rated at 50 percent duty cycle, which 
means that it should be used in actually 
creating welds 30 seconds out of each 
60 seconds, 10 seconds out of 20 sec- 
onds, or any segment of time where the 
idle time at least equals the weldtime. 

Duty cycles vary all the way from 1 
percent to 100 percent, with a normal 
rating of 50 percent, If the duty cycle 
is high, the KVA setting must be smaller 
to insure safe transformer tempera- 
tures. The manufacturer usually speci- 
fies the KVA rating based on the 50 
percent duty cycle. 

The welding transformer is rated 
on a specified input and not on the out- 
put like other transformers, Since the 
output of the transformer will vary with 
the conductivity of the metal being 
welded, the electrode circuit, and other 
factors, the welder manufacturer rates 
only the primary input capacity of the 
transformer. 

When a machine is used at its rated 
KVA, the temperatures of the trans- 
former windings will stay within safe 
limits for the insulation used. When 
the KVA rating or duty cycle is ex- 
ceeded, the transformer efficiency de- 
creases rapidly as the temperature 
` rises. There is also the possibility of 
an insulation breakdown occurring. 

Small spot welders may be rated in 
VA (volt-amperes). This is done when 
the KVA rating would be a decimal as 
in the case where 300VA = ,3KVA. 

Some of the large resistance welding 


= 10 KVA.) 


machines use 3-phase transformers. 

When it becomes necessary to in- 
crease the total metal thickness being 
welded, it must be remembered that the 
current required to weldthis new thick- 
ness will also increase. The increase 
in required current is not, however, at 
direct ratio to the increase in metal 
thickness. 

The required welding current in- 
crease is the square root of the ratio 
of the new total metal thickness to the 
original total metal thickness. For 
example, if the thickness doubles, the 
required current is 41 percent more 
(/double thickness = /2 =1.41, because 
1 or 100 percent isthe original current, 
the additional .41 = 41 percent in- 
crease). 

The primary current flow influences 
the electrical power service. For ex- 
ample, a 100 KVA unit may draw as 
much as 1000 amps. The input electri- 
cal service must therefore be carefully 
considered, For example, a 10 percent 
drop in line voltage will cause a 20 to 
30 percent reduction in weld heat avail- 
able. Thus automatic machines will 
produce substandard welds if the line 
voltage varies. 


14-3. SPOT WELDING ELECTRODES 


Resistance welding electrodes con- 
duct the current to the surfaces of the 
metals to be welded. There are certain 
requirements which these electrodes 
must possess. They must: 

1. Be a good conductor of electricity. 

2. Be a good conductor of heat, 

3. Have good mechanical strength 
and hardness, 

4. Have a minimum tendency to alloy 
(combine) with the metals being welded, 

Pure copper possesses goodelectri- 
cal and thermal properties, however, it 
is rather soft and does not wear well, 
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Fig. 14-6. Variety of electrodes, electrode holders and seam welder wheels used in resistance welding. 


(Hercules Welding Products Co.) 


Also it tends to soften with heat. 

The electrode must be a good con- 
ductor of electricity in order that the 
current may flow to the work piece with- 
out overheating the electrode, It must 
be a good conductor of heat so that the 
heat from the hightemperatures gener- 
ated at the point of contact at the weld- 
ment may be conducted away from the 
point without causingittobecome over- 
heated, Typical spot welding electrodes 
are shown in Fig. 14-6. 

The Resistance Welder Manufac- 
turer's Association (RWMA) and the 
Resistance Welding Alloy Association 
(RWAA) recognize two groups and sev- 
eral classes of materials used for re- 
sistance welder electrodes, The groups 
are Group A and Group B. 

Group A, are copper-base alloys 
having good electrical and thermal 
(heat) conductivity and with improved 
hardness and wear qualities. 

Group B, are refractory metal alloys. 
The electrical and thermal properties 


of this group are not as good as the 
alloys in Group A, however, they have 
extremely high melting temperatures, 
and highcompressive strength and wear 
resistance. These materials are usual- 
ly sintered mixtures of tungsten and 
copper, 

When ordering or purchasing resist- 
ance welder electrodes the following 
data may be referred to as a guide: 
GROUP A, COPPER-BASE ALLOYS 

Characteristics And Use 

Class 1. General purpose--recom- 
mended for spot welding aluminum al- 
loys, magnesium alloys, galvanized 
iron, brass or bronze. The electrode 
materialis a copper-cadmium alloy. 

Class 2. For high production spot 
and seam welding, clean mild steel, 
low alloy steels, stainless steels, nickel 
alloys and monel metal, The electrode 
material is a copper-chromium alloy. 

Class 3, Higher strength than Class 
2. Recommended for projection welding 
electrodes, flash and butt welding elec- 
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trodes. Recommended for stainless 
steel. The electrode material is a 
copper-zirconium alloy. 

Class 4. This is ahard-highstrength 
alloy. This alloy is recommended for 
use as anelectrode material for special 
application when the pressures are 
extremely high and the wear is severe 
and electrode heating not excessive, 

Class 5, This alloy is used chiefly 
as a casting and has high mechanical 
strength and moderate electrical con- 
ductivity. It is used chiefly for elec- 
trode holders, 

GROUP B, REFRACTORY METAL 
COMPOSITIONS 
Characteristics And Use 

Class 10. This electrode material 
has high electrical conductivity and is 
somewhat malleable. It is recom- 
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obtainable in various sizes and forms. 
These electrodes must be kept clean 
and correctly shaped if they are to 
produce good results. A number of dii- 
ferent spot welding electrode shapes 
are shown in Fig. 14-8. 

The electrodes used in the other 
types of resistance welding equipment 
are described in their respective 
Paragraphs. 


14-4. ELECTRODE HOLDER 


The resistance welder tips are held 
by electrode holders, The holders in 
turn are clamped into the ends of the 
movable spot welder arm and the 
stationary arm. Most of the tip holders 
are water-cooled, 

The electrode holders are the ma- 
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Fig. 14-7. Resistance welding water-cooled electrode holder. 
(Tuffaloy Products, Inc.) 


mended for facings for projection weld- 
ing electrodes and flash and butt weld- 
ing electrodes. 

Class 11. This material is harder 
than the material in Class 10. 

Class 12, 13, 19. These are special 
materials particularly for welding 
metals having a higher electrical con- 
ductivity, In general, special setup and 
machines are required for this type of 
resistance welding. 

Resistance welding electrodes are 


chine arms or supports which hold the 
electrode (tips) in proper position, 
carry the welding current, and provide 
the tips with water-cooling. Fig. 14-7, 
shows atypical electrode holder and tip 

It should be noted that on most of the 
spot welding machines the electrode 
holders are adjustable for length and 
position, In general, the electrode hold- 
ers should be adjusted to the shortest 
length at which the weld metal may be 
easily inserted, Electrode holders are 
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Fig. 14-8. Offset electrode holders, electrode designs, and how they are used. 


made of a copper alloy which provides 
good current carrying qualities and 
rigidity. 


14-5. MECHANISMS 


The operation of resistance welding 
machines involves levers, cams, gears, 
racks, screws, etc. 

The spot welder arm is normally 
lever operated. The upset welder mov- 
able electrodes are sometimes cam 
operated, The flash welder sometimes 
uses the gear-and-rack mechanism, The 
motor driven parts of the automatic spot 
welder often use the screw mechanism, 


14-6. CONTROLS 


Controls for resistance welding ma- 
chines vary from simple hand adjust- 
ments and switches, to precise elec- 
tronic controls (SEE CHAPTER 21, 
FOR MORE INFORMATION ON AUTO- 
MATIC CONTROLS). 

The variables of resistance welding 
can all be controlled manually or auto- 
matically. These variables are: 

1, Comment. 

2, Pressure, 

3. Time. 

The current may be manually adjust- 
ed by the primary steps on the 
transformer, 

The pressure of the electrodes on the 
metal being welded canbe controlled by 
the operator's pressure on the levers, 
semiautomatically controlled by the use 
of adjustable springs, or automatically 
controlled by hydraulic or pneumatic 
pressure and the size of the cylinders. 


The time that the current flows and 
the time the pressure is imposed can 
be manually controlled on simple ma- 
chines, The more automatic machines 
use electronic timers that function on 
the basis of the number of AC cycles that 
pass through the circuit such as: 

1, Pressure applied for 20 cycles, 
(Squeeze Time) 

2. Current flows for 6 cycles. (Weld 
Time) 

3. Current off-pressure maintained 
for 15 cycles, (Hold Time) 


14-7. SPOT WELDING EQUIPMENT 


Spot welding machines are the most 
common of the resistance welding ma- 
chines. Spot welders are made ina 
great variety of sizes from small bench 
units used to spot weld such items as 
costume jewelry andelectron tube com- 
ponents as shown in Figs. 14-9 and 
14-10, to mammoth machines to spot 


Fig. 14-9. Small bench model spot welder with 3 KVA 
capacity. The cabinet in the background contains the 
electronic controls. The overall height is only 16 in. 
Note that the electrode tips are directly clamped to 
(Eisler Eng. Co.) 


the arms. 
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Fig. 14-10. Spot welder for fine precision work. The 
electrodes are of the tweezer design. 


weld hundreds of spots on large sheet 
metal productions such as automobile 
bodies, refrigerator cabinets, and the 
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machines using many electrode sets 
automatically sequence operated, 

The equipment basically consists of 
the same main parts as all resistance 
welding equipment, 

The basic purpose of the spot welder 
is to spot weld (form a fused nugget) 
between two lapped pieces of metal. 
Fig. 14-13, shows a table of sheet metal 
thicknesses and the KVA needed to 
successfully spot weld the material 
together. 

The dimensions of the operating area 
are important in that the size of the 
assembly which may be welded is con- 
trolled by the throat depth, The size of 
the sheets (curves and attached parts) 
the machine can handle iscontrolledby 
the horn spacing, as shown in Figs. 
14-14 and 14-15. 


=i) p^ TUBING 


(FG 


1 4 , En 
1 u AM nf TAYLOR | 


Fig. 14-11. Large multiple electrode, automatic spot welder. 


like as shown in Figs. 14-11 and 14-12. 
The machines vary from one set of 
electrodes manually operated to large 


The force imposed by the electrodes 
against the metal is controlled by 
variable compression spring forces, 
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Fig. 14-12. Combination spot welding and projection 
welding machine with four 55 KVA transformers. The 
input power is 440 V., 60 cycle. The spot welding guns 
lower, weld, and retract in 1-1/2 seconds. There is 
one projection welding unit at each end. The units 
advance, weld, and retract in 1-1/2 seconds. There 
are dual controls. The operator manually loads and 
unloads the parts. Note the pneumatic, hydraulic, and 
electric devices. Thenecessary parts are water-cooled 
using water valves and electric timers to control the 
water flow. (Resistance Welder Corp.) 


hydraulic forces, pneumatic forces, or 
magnetic forces. The forces are varied 
from a few ounces to hundreds of 


THICKNESS OF EACH 
OF TWO PIECES 


GA. IN. KVA 
16  .063 12 
14  .078 15 
13. . 2093 17 
V N25 20 
10 .141 28 
9 156 35 
"2207 35 
5" r 218 50 
3 250 50 


Fig. 14-13. Table of approximate KVA 
settings for spot welding various thick- 
nesses of steel. 
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Fig. 14-14. Throat and horn openings of u spot welder. 
Such a unit has a lever type top erm operated by a motor 
driven cam or a mechanical linkuge to a foot pedal. 
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Fig. 14-15. Throat and horn openings of spot welder 
with a pneumatic, hydraulic or magnetic top elec- 
trode mechanism. 


pounds in the different size spot weld- 
ers, In a particular machine, forces 
may be varied from as low as 5 lbs. to 
as high as 100 lbs. Fig. 14-16, showsa 
schematic of à spring pressure 
mechanism. 

Small portable spot welders are also 
used to spot weld sheet metal. These 
units are light enough so they may be 
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Fig. 14-16. Adjustable compression spring is used 
to control the electrode force against the work. 


carried around a large sheet metal 
fabrications job to make spot welds on 
irregular edges and in hard-to-reach 
places. Fig. 14-17, illustrates a port- 
able spot welder, while Fig. 14-18, 
shows the wiring diagram of the same 
welder. 

Shot welding is a term used in the 
trade for a process which is identical 
with spot welding, with the exception 
that in shot welding, a very high cur- 
rent is used for extremely short periods 
of time (1/100 second or less). The 
accurate time control enables this 
equipment to be used extensively for 
spot welding of stainless steels, alumi- 
num, magnesium and other metals and 
metal alloys. 


Another application of spot welding 
is the high rate discharge machine. 
This process is sometimes called 
"spike" welding. Most spike welders 
are basically spot welders with added 
electrical characteristics. There are 
several types of resistance welders 
developed to do this work: 

A, Auto-transformer type. 

B, Electro-magnetic type. 

C. Electro-static type (capacitor). 

The capacitor type is most used, Its 
principle of operation depends upon 
electrical condenser action, An accu- 
rate timing device provides for charg- 
ing a condenser and then directing the 
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Fig. 14-17. Small portable spot welder. The current 
flow is electronically timed. The squeeze force is 
approximately 1000 Ibs. (Ampower Products, Inc.) 


discharge through spot welder points 
and the metal to be welded, The control 
or timing device, makes use of vacu- 
um tubes or semi-conductors, and is 
popularly known as electronic control, 
Fig. 14-19, shows a spike welder with 
water-cooled electrodes and a water- 
cooled transformer. 

The use of the capacitors to store 
current enables the welder to use a 
smaller KV A transformer because the 
off-time part of the cycle of the ma- 
chine is used to electrically load the 
capacitors or condensers. 

The electronic switching and timing 
makes possible minimum distortion 
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Fig. 14-20. Two samples of small parts welded by 
spike weld process. This process does not mar or blem- 


Fig. 14-19. A spike welder. This welder is pneumat- ish the other side of the metal. A. Top of coated metal. 
ically operated. The cabinet on the right houses the B. Same piece on the other side with two small screws 
electronic controls called coaxial ignition spike spike welded to it. C. Top of coated metal. D. Under- 

controls. (Weldex Div., Metal Craft Co.) side of same metal with the pieces spike welded to it. 
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and minimum corrosion. Spot welds 
may be made as fast as 500 spots 
per minute. 

' These machines deliver a "spike" 
discharge of as much as 100,000 amps. 
for approximately a millisecond 
(1/1,000 of a second). 

These machines successfully spot 
weld parts to vinyl-coated andlacquer- 
coated metal without discoloring the 
coatings. Figs. 14-20 and 21, illustrate 
some typical finished parts welded by 
that process. This process is particu- 
larly useful for spot welding aluminum 
and zinc-coated metals. Also itis often 
used for welding small parts where too 
much heat may be conducted to areas 
outside the weld joint and cause dis- 
tortion, discoloration, or other damage. 


Fig. 14-21. Test sample of an aluminum spot weld 
made using the spike welding process. 


14-8. PORTABLE WELDING 
MACHINES 


A special application of spot welding 
is the use of a portable spot welder, 
usually supported from an overhead 
track, as shown in Fig. 14-22. The 
electrode arms of the welder are oper- 
ated by pneumatic or hydraulic forces. 
Note that the transformer is mounted 
on the track to minimize the bulkiness 


Fig. 14-22. Suspended type portable gun welder. 


of the gun, The gun-type spot welder 
usually requires a higher secondary 
voltage because of the increased length 
of the secondary leads. These trans- 
formers may have two or three turns 
in the secondary. The operator merely 
puts the fixed electrode on the spot to 
be welded, and presses a trigger. Air 
or hydraulic pressure presses the 
moving electrode into place. The elec- 
trical current is usually electronically 
timed. This welder can produce a great 
number of spot welds on an irregular 
shaped article very quickly. Most port- 
able welding machines operate on a 25 
percent duty cycle. This tool is used 
extensively in automobile body manu- 
facturing. The electrode holders, elec- 
trodes, and operating cylinders for a 
portable gun welder are shown in 
Fig. 14-23. 
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Fig. 14-23. Gun welders showing electrode holders, electrodes, and actuating cylinders. Left. Gun welder 


which would be connected to a remote transformer. 


(Progressive Welder and Machine Co.) Right. Portable 


gun welder which has a built-in transformer. The lower electrode is pneumatically operated. Note the mount- 


ing which permits electrode movement into any position. 


14-9. SEAM WELDING MACHINES 


A seam welding machine is a special 
form of a resistance welder, usually 
one which uses two rollers as elec- 
trodes, These rollers press the two 
pieces of metal together and roll slowly 
along the seam, Either a continuous 


ELECTRODES 


WELDING 
ARMS 


(Falstrom Company) 


current is passed between the rollers 
welding the two pieces with a continual 
weld or current is passed through the 
metal at timed intervals to produce 
either overlapping weld nuggets or 
weld nuggets spaced at intervals. Fig. 
14-24, shows a wheel-type seam weld- 
er. The machine must be carefully 


Fig. 14-24. Seam welding machine. Electrodes on this machine are positioned trans- 


vers 


ely to the welding arms. In this position the welded seam moves in u direction 


perpendicular to the welding arms. 
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Fig. 14-25. This illustration shows the electrodes 

positioned longitudinally to the welding arms. The 

wheels are positioned so the welded seam travels 
parallel to the welding arms. 


timed to secure good results, cooling 
of the rollers must be continuous, and 
pressure must be uniform, Both the 


metal and the rollers must be kept clean. 

These machines are also made as 
portable units similar to the gun weld- 
ers. Some seam welders are used to 
butt weld the longitudinal seam of 
welded pipe. Examples of seam weld- 
ing wheels are shown in Fig. 14-25. 

Seam welders are made withthe axis 
of the electrode wheels positioned 
parallel to the front of the machine 
(longitudinal setup), perpendicular to 
the front of the machine (circular or 
transverse setup), or the machine may 
be built so that the wheels can be posi- 
tioned at any desired angle (universal). 
Fig. 14-26, shows a universal seam 
welding machine. 

The details of the upper seam welder 
wheel operating mechanism are for this 


Fig. 14-26. Universal seam welder. Note that the electrode wheels are set up for 
longitudinal welding. The arm to the right has the electrode wheel set for suam 
welding in the transverse position. When this arm is moved into position under the 


upper wheel, the upper wheel must be rotated 90 deg. 


(Sciaky Bros., Inc.) 
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Fig. 14-27. Pneumatically operated upper electrode of a universal seam welder. 


lt is used to raise and lower the upper roller and to develop the correct welding 
pressure. (Taylor-Winfield Corp.) 


type of machine shown in Fig. 14-27. seam. In this case a shoe type elec- 
Occasionally seam welds are made on  trode (wheel segment) may be used as 


parts which will not allow a continuous 


shown in Fig. 14-28, The shoe electrode 
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Fig. 14-28. Shoe electrode used to weld = seam close 
to a part which is in the path of what would otherwise 
be a continuous seam. 


allows a seam weld to be made closer 
to a part which lies across the seam, 
than would be possible with a fullelec- 
trode wheel, 


14-10. PROJECTION WELDING 
EQUIPMENT 


Another type of resistance welding 
uses a machine which welds together 
two pieces of metal, one having small 
projections pressed into it, When the 
two pieces are pressed between the 
electrodes and the current turned on, 
the projections are fused into the mating 
piece. This method speeds the welding, 
but requires the extra operation of 
pressing the projections intothe metal, 

Dies used to force the metals to- 
gether may be special electrodes, roll- 
ers, or special dies, Fig. 14-29, illus- 
trates a resistance welding machine 
which would be suitable for making pro- 
jection welds on surfaces of large areas, 


14-11. UPSET WELDING MACHINES 


Upset welding is often called butt 
welding. However, butt welding merely 
means that the pieces are welded to- 
gether in a butted position, Therefore 
a butt weld may be made by any of the 
usual welding techniques. 


Upset welding isa resistance welding 
process where combining of the metals 
is produced simultaneously over the 
entire area of abutting surfaces, or 
progressively along a joint. The heat 
is obtained from resistance to the flow 
of electric current through the area of 
contact of the surfaces, Pressure is 
applied before heating is started andis 
maintained during the heating period. 

The machine uses the same type of 
transformer as the spot welder, butthe 
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Fig. 14-29. A projection welder. The dies are fos- 
tened to the upper movable platen and to the lower 
adjustable platen. 


electrodes in this case are vises; one 
movable, and one fixed. The metal must 
be clean for satisfactory work. Fig. 
14-30, shows the top section of an upset 
welder. Fig. 14-31, shows a complete 
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UPPER CLAMPING DIES IN THE OPEN POSITION 
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Fig. 14-30. An upset welder. The completed weld is shown mounted in the open 
clamping dies. 
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Fig. 14-31. Complete butt welder. Note the drive 
mechanism on the right and the foot controls. 


automatically operated upset welding 
machine, Fig. 14-32, shows the power 
required and the time needed for butt 
welding 1/2-in. square bar steel stock. 


Another use of electric resistance 
heating is to pass a high current 
through a piece of metal located ina 
die, After a few seconds, the tempera- 
ture of the metal is such as to permit 
the die to form the metal easily into 
almost any shape desired, Upset weld- 
ing machines are used to heat and then 
upset rods andbars. Special fixtures are 
needed to upset other type assembles. 


14-12. FLASH WELDING EQUIPMENT 


Flash welding is a special form of 
butt welding. It is set up muchthe same 


DISTANCE BETWEEN 
GRIPS IN IN. 


TIME IN 
KW SECONDS 


19 3) 0.79 
14 6 1.6 
12 9 2.4 
10 11 3.2 
8 14 3:9 
79 17 4.5 
7 20 55 


FOR 1/2-IN. SQ. STEEL BARS 


Fig. 14-32. Butt welding energy and time table. 
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Fig. 14-33. Flash welder in operation. 
(Airmatic Valve, Inc.) 


as the upset-welding machine, because 
the metal is held in the dies in sucha 
way that the metal ends touch together 
under light pressure, When the welding 
current is applied, an arc or flashing 
action takes place between the ends at 
the pieces to be welded together. As the 
flashing proceeds, metalis melted away 
requiring one piece of metal tobe moved 
toward the other in order to maintain 
the flashing action, As the ends of the 
two pieces attain welding temperature, 
the upset force is applied completing 
the weld. This action forges the metal 
and forces out impurities during the 
flashing action. An illustration of the 
mechanism for doing this is shown in 
Fig. 14-33. 

Fig. 14-34, shows a table of Flash 
Welding Data. Note that better than a 


AVERAGE 
CROSS SECTION WELDS 
SQ. IN. PER HOUR 
1/8 600 
1/4 500 
3/8 300 
1/2 400 
5/8 300 
3/4 200 
] 150 
1-1/4 100 
1-1/2 75 
1-3/4 60 


ton and a half of pressure is used to 
upset a one square inch cross section, 
and that 60 KVA are recommended, 


14-13. SPECIAL RESISTANCE 
WELDING MACHINES 


There have been numerous specially 
designed resistance welding machines. 
These machines have consisted of some 
some special application of one or 
more of the basic type machines, 

Two of the more popular models 
were the cross wire welding machine, 
shown in Fig. 14-35, and forge weld- 
ing machines. 

Cross wire resistance welding ma- 
chines use special single electrodes or 
multiple electrodes which holdthe wire 
or rod in correct alignment. The cur- 
rent passes through the diameters of 
the wires where they cross, and the 
resistance at the contact spot creates 
enough heating to cause fusing of the 
metal after the current ceases flowing, 
to produce a strong welded joint. 

Forge welding is very similar to the 
cross wire welding and butt welding. 
After the current flow has heated the 
metals to a plastic and/or flow temper- 
ature, the metal is upset by a move- 
ment of the electrodes (press action) 
and the parts to be welded are forced 
together. 


KVA PUSH-UP 
REQUIRED PRESSURE 

5 75 
10 150 
13 350 
25 ' 800 
30 1225 
30 1750 
60 3150 
80 5000 
125 7000 
200 9600 


Fig. 14-34. Table of flash welding data. 
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Fig. 14-35. Welding crossed wires, with a resistance welding machine. 


14-14. CARE OF RESISTANCE 
WELDING EQUIPMENT 


There are several main areas of 
resistance welder maintenance: 

1. Mechanical. 

2. Electrical. 

3. Hydraulic. 

4, Pneumatic. 

5. Electronic. 

6. Water-cooling. 

The mechanicalmaintenance con- 
sists of: 

1. Lubrication. 

2. Checking moving parts for wear 
and alignment. 

3. Checking the force applied by the 
electrodes against the base metal being 
welded, Fig. 14-36, shows a convenient 
tool for checking spot welder electrode 
forces, These forces may be obtained 
by compression springs, hydraulics, 
pneumatics or by magnetism, The 
amount of the force is very important 
if good results are to be obtained, Fig. 
14-37, shows a force gauge in use, 

CHAPTER 26, contains additional 
information relative to resistance 
welding machine maintenance. 


4, Checking mechanical safety de- 
vices such as guards, machine mount- 
ing. ere. 

The maintenance manuals for each 
machine should be consulted to deter- 
mine the exact specifications to be used 
on each particular machine. 


FORCE IN LBS. 


A . 


FORCE APPLIED HERE 


Fig. 14-36. Gauge for measuring electrode force of a 
resistance welder. (W. C. Dillon & Co.) 


LECTRODE 
™——BENCH SPOT WELDER 


Fig. 14-37. Electrode force measuring gauge in use. 
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Electrical maintenance consists of: 

1, Checking primary potentialcycles 
and current. 

2. Checking secondary potential 


: D i i 


Fig. 14-38. Instrument to measure weld time in cycles. 
(Instrument Control Co.) 


cycles, and current, Figs. 14-38 and 
14-39, illustrate a test instrument for 
measuring weld time, An instrument 


Fig. 14-39. Cycle counter instrument in use. No 
electrical connection is necessary when using this 
instrument. 


to measure resistance welding sec- 
ondary current is shown in Fig. 14-40, 
|. 8, Removing, cleaning and installing 
the electrodes. An electrode removal 
toolis shown in Fig. 14-41, Usearaw- 
hide or lead hammer in setup aligning 
operations, or when striking ejector 
buttons to remove tips. Donot use steel 
hammers, wrenches or chisels to re- 


Fig. 14-40. An instrument designed to measure the 
secondary current in a welding circuit. 
(Duffers Associates, Inc.) 


move tips. Both the tip and holder may 
be damaged. Keep the tip and holder 
tapers clean and free from foreign 
deposits, to allow easy passage of the 
welding current, Any corrosion in the 
circuit will cause welding difficulties. 
A thin film of caster oil or graphite 
grease will facilitate tip removal and 


]. PLACE TOOL OVER 
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2: ABEEY SEIPESEOCGKRING 
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Fig. 14-41. Tool for removing tapered electrode tips. 


is harmless. Dress the tip welding 
faces regularly to insure sound welds, 
as shown in Fig. 14-42. Neglect may 
result in poor and uneven welds. 

4, Checking, cleaning, installing of 
switches and relays. 

5. Loose shunts are afrequent source 
of trouble, All electrical connections 
should be checked daily. Either a volt- 
meter or an ohmmeter may be used, 

The hydraulic maintenance con- 
sists of: 

1, Checking pressure, 

2. Checking quantity and condition of 
hydraulic fluid, 
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3. Checking hydraulic lines and 
connections, 

4. Checking hydraulic valves. 

5. Checking hydraulic pumps and 
cylinders. 

Pneumatic maintenance is similar to 
the hydraulic maintenance procedures, 

Electronic maintenance is usually 
done by people who make a specialty of 
this work. However some maintenance 
items that can be handled on the 
premises are: 

1. Checking the tubes. 

2. Checking the circuit, 

Tube checking instrumentation, oscil- 
lographs, and oscilloscopes are needed 
to make a complete analysis of the 
functioning of the electronic equipment, 

The water-cooling circuit is an im- 
portant component of a resistance weld- 
er. Thermometers, pressure gauges, 
and volume measurements are neces- 
sary for checkup purposes. 

An adequate supply of cool water 
should be provided to each welding ma- 
chine, at a minimum of 30 lbs. line 
pressure. Do not circulate hot water 
from one machine to another. 

Be certain that the water inlet hose is 
connected to the holder inlet, so that 
water first passes through the center 
cooling tube. Do not use holders with 
leaky heads or tapers. 


Fig. 14-42. Hand tool and power tool for cleaning and 


(Mallory Metallurgical Co.) 


dressing electrodes. 


Use holders which will pass at least 
two gallons of water per minute, Do not 
allow holders or water lines tobecome 
clogged with deposits. 

Use holders with free working ex- 
tension tubes. Be positive that the ex- 
tension cooling tube in the holder 
reaches to within 1/4 in. of the bottom 
of the tip water hole. 

White lead or other foreign materials 
should not be used in an attempt to seal 
a leaking taper as this may create 
electrical resistance. 

Always provide tips, dies, and seam 
welder wheels with adequate water 
cooling, Adequate cooling will produce 
better welds and longer electrode life. 


14-15. RESISTANCE WELDING 
ACCESSORIES 


A resistance welding machine oper- 
ator should wear gloves, anduse pliers 
to handle metal parts to be welded. 
Goggles should be worn for eye pro- 
tection, If the operator cleans and 
changes the electrodes, he will need 
proper tools. 

If various kinds of articles are to be 
welded, a number of different shaped 
tips or electrodes will be required. 


14-16. TEST YOUR KNOWLEDGE 


1. List the five (5) main parts of a 
resistance welding machine. 

2. What is the difference between an 
electrode holder and an electrode tip? 

3. Which transformer winding is 
adjustable? 

4. What do the letters KV A mean? 

5. List the various types of forces 
used to move electrode holders and 
electrode tips. 

6. Why do the transformer windings 
tend to move or jump as the power is 
turned on and off? 
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7, How is a transformer cooled? 
8. How much is a transformer in use, 
if it has a 25 percent duty cycle? 
' 9. Of what material is the secondary 
winding made? 
10. How many winding turns are most 
common in the secondary winding? 
11. What is à common electrode tip 
alloy? 
12. If the welding time is three cycles, 
what is the actual time in seconds? 


13. What is horn spacing in a spot 
welder? 
14. Why is one form of resistance 


welding called upset welding? 


15. When is the pressure applied to 
the metal being welded during the up- 
set welding process? 

16. Can one produce weldnuggets using 
a seam welder? 

17. Can a butt joint be welded using a 
seam welder? 

18. What type resistance welding re- 
sults in minimum heating, warpage, 
and corrosion? 

19. Can the secondary current be 
measured? 

20. What time factors must be set on 
a fully automatic resistance welding 


PHYSICAL DISTORTION 
OF PARTS, RESULT OF 
SPOTWELD. 


Physical distortions may be due to misalignment of tips, 
original malformation of the pieces, improper clamping, im- 
proper welding technique causing buckle, as when operator 
works from both ends to the center on m long sheet, instead 
of from the center, out to both ends. Reasons for physical 
distortion must be traced immediately and corrected. 


BLOW-HOLE FROM 
EXCESSIVE HEAT TOO | 
LITTLE PRESSURE 


Blowsholes and cavities are a common occurrence from im- 
properly set controls, too short squeeze time, improper po- 
sitioning of parts with reference to the tips. Other physical 
conditions such as dirt, burrs, etc., on the surface of the 
metal result in a quick, excessive concentration of welding 
current. Insufficient capacity to absorb or conduct such 
current to surrounding metal causes the blow-holes. 


Common spot weld defects and their causes. 


machine ? 
PARALLEL -= a 


Tips which have parallel faces, but whose centers are not 
aligned, have drastically reduced net effective tip areas. 


q A SHADED 


AREA IS ACTUALLY THE 
ONLY EFFECTIVE AREA 
UNDER PRESSURE. 
(RESULT: ONE THIRD 
THE AREA, THREE TIMES 
TOO MUCH PRESSURE.) 


| P (B) 
THE SHADED AREA 


IS ACTUALLY ALL THE 
AREA THAT IS UNDER 
PRESSURE. 


ONE CAN 
READILY SEE THAT THERE 
IS ONLY 25% ENOUGH 
AREA AND FOUR TIMES 
TOO MUCH PRESSURE PER 
SQUARE INCH. 


When surfaces of welding tip are not parallel, pressure and 
current are confined to m fraction of the proper area. 


Faulty spot welder tip alignment. 
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Chapter 15 
SOLDERING 


Soldering is a term applied to fasten- 
ing two metals, either like or unlike, 
together with another metal entirely 
different from either or bothof the base 
metals. Soldering fastens two metals 
together without melting either one of 
them. The theory of soldering is that, 
using clean surfaces, the binding or 
joining metal, upon becoming molten, 
adheres to the parent metal by means 
of molecular attraction. The molecules 
of solder entwine with the parent metal 
molecules and form avery strong bond, 
This process is called adhesion, In 
some cases the metals inthe solder may 
form a surface alloy with one or both 
of the parent metals, 

In soldering, the joining metal melts 
and flows at temperatures less than 
800 deg. F. If the joining metal melts 
and flows above 800 deg. F., the process 
is called brazing. Brazing is described 
in CHAPTER 16. This method of identi- 
fying soldering and brazing, was estab- 
lished by the American Welding Society. 


15-1. SOLDERING PRINCIPLES 


Soldering is used where a leakproof 
joint, neatness, a low resistance elec- 
trical joint, and sanitation are desired. 
The joint produced by means of solder- 
ing is notas strong as abrazedor weld- 
ed joint, and in many cases a mechani- 
cal joint is used together withthe solder 
seam. The solder commonly used is a 
lead and tin alloy. Other solders contain 
such metals as antimony and/or bis- 
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muth in the alloy. The proportions of 
the three metals in the alloy are 
varied, producing a variety of proper- 
ties, Different solders are produced to 
meet various needs, There are different 
solders for soldering tin, copper,brass, 
bronze, sheet iron, and sheet steel. 
Soldered joints have excellent heat con- 
ductivity and electrical conductivity. 
However the joint is usually of less 
strength than the metals being joined 
and the assembly must be kept at a 
lower operating temperature. 


15-2. SOLDER ALLOYS 


The properties of six common soft- 
solder alloys are shown in Fig. 15-1. 
The No. 1 solder is usually called 
50-50 solder while the others are called 
60-40, 70-30, and 95-5, The percentage 
of tin is listed first. 

Solder starts to soften at the melting 
temperature and will flow freely at the 
flow temperature. The 65-35 and 10-30 
solders stay plastic (between the melt- 
ing and flow temperature) over a wide 
temperature range. These solders are 
used for body soldering and for wiping 
lead joints in plumbing work. 

The 62 percent tin, 38 percent lead 
alloy has the lowest melting tempera- 
ture--361 deg. F. This is the eutectic 
alloy (alloy with lowest melting point 
possible). 

Fig. 15-2, is a graphical picture of 
alloy combinations of tin and lead. 

The biggest advantage of solderingis 
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minimum warpage and minimum dis- 
turbance of heat treatment of the parent 


ning or spreading action of the solder, 
Bismuth is used for the lower tempera- 


metals being joined. Some solders ture alloys and silver is used for the 
TIN LEAD MELTING FLOW 

NO. PERCENTAGE PERCENTAGE TEMP. DEG. F.* TEMP. DEG. F. USE 

62 38 361 361 General 

60 40 361 370 General 

1 50 50 361 420 General 

2 40 60 361 460 General 

4 30 70 361 500 General 

5 95 570 595 High Temp. 
Solder 


* Notice that in the first five alloys part of the alloy melts at the eutectic temperature (361 deg. 
F.) and the entire alloy becomes a liquid at the flow temperatures (liquidus line) for each alloy. 


Fig. 15-1. Table of some common tin-lead solders. 


have small amounts of other metals in- 
cluded in the alloy to produce special 
properties. The three other metals 
often added in small amounts to lead- 
tin solders are: 

1. Antimony. 

2. Bismuth. 

3. Silver. 


DEGREES FAHRENHEIT 
DEGREES CENTIGRADE 


10 20 30 40 50 60 
LEAD 100 90 80 70 60 50 40 30 20 10 0 


TIN 0 70 80 90 100 


Fig. 15-2. Graph of melting and flow temperatures of 
alloys of tin and lead. 


= Antimony is added (up to 2 percent) 
to increase the strength of the solder, 
However, this solder when used on zinc, 
cadmium, or galvanized metals pro- 
duces a brittle solder and therefore a 
weak joint. 

Bismuth and silver improve the tin- 


higher temperature alloys, Three bis- 
muth alloys are shown in Fig. 15-3. 

Another group of solders are the 
lead-silver solders using 2.25 percent 
to 2.5 percent silver, These solders are 
a satisfactory substitute for tin-lead 
solders, The 2.5 percent silver alloy 
melts at 580 deg. F. and flows at 585 
deg. F. 

An alloy of 95 percent tin and 5 per- 
cent antimony is used when higher 
strength joints are desired. It has been 
used for soldering joints on cooling 
coils and for soldering copper to cast- 
iron joints. It flows at 450 deg. F. 
(232 deg. C). 


A solder for high temperature appli- 
cations is made of 95 percent cadmium 
and 5 percent silver. This alloy melts 
at 640 deg. F.(338 deg. C) and flows at 
740 deg. F.(393 deg. C). 

Zinc-base die castings have been 
successfully soldered with an alloy of 
82.5 percent cadmium and 17.5 percent 
zinc. This flows at 508 deg. F. (264 
deg. C). 

Solders containing indium are used 
where corrosiondifficulties may other- 
wise be encountered. A typical indium 
solder consists of 25 percent indium, 


15-2 


Soldering 


37.5 percent tin, and 37.5 percent lead 
which melts at 274 deg. F, and flows 
at 358 deg. F. 


15-3. SOLDER FLUXES 


Joints to be soldered must be chemi- 
cally clean because the presence of 
dirt, or of oxidation, will hinder good 
soldering. The chemicals to be used 
for cleaning depend upon the kind of 
metals to be soldered together and the 
kind of solder to be used. 

These chemicals, called fluxes if 
properly used, produce and maintain a 
chemically clean surface during the 
soldering operation, Some fluxes add 
alloying elements while others actual- 
ly increase the fluidity or reduce the 
surface tension to promote more rapid 


alcohol to form a more applicable 
paste. Clear shellac mixed with flux 
is an excellent way to keep the flux at 
the joint and on the adjoining surfaces, 
even under severe conditions, 

The most common flux is a mixture 
of zine chloride (71 percent) andammo- 
nium chloride (29 percent). This mix- 
ture is an "acid" flux and has corroding 
tendencies. It must, therefore, be thor- 
oughly cleaned from the joint after the 
soldering operation, Some fluxes con- 
tain only zine chloride (with perhaps 
just a trace of ammonium chloride or 
stannous chloride). These fluxes are 
usually dissolved in water although 
some are in paste form (using a 
petroleum jelly). 

In action, these fluxes, as they are 
heated, first lose their liquid if there 


CONTENTS OF ALLOY, FLOW 
PERCENTAGE TEMP ERATURE 
NO. LEAD TIN BISMUTH DEG. F. 
] 25 25 50 266 
2 50 97.5 12.5 3/4 
3 25 50 29 338 


Fig. 15-3. Table of bismuth, lead, tin soldering alloys showing 
flow temperature. 


flow of the metal, Fluxes are available 
in powder form, liquid form, paste 
form, and solid form, 

Flux excludes or keeps away the 
atmosphere (mainly oxygen) from the 
molten metal. It dissolves any oxides 
that may form due to air contacting the 
molten or hot metal, It is of vital im- 
portance not to blow or vaporize the 
flux away before it can perform its job. 
A soldering copper at the correct tem- 
perature and large enough to furnish 
enough heat, or alarge soft flame, which 
will quickly heat the joint (more time 
means more oxides) and will not blow 
excessively, is desirable. Some powder 
fluxes may be mixed with water or 


is one, then melt and partially de- 
compose to form a hydrochloric acid 
(HCL). All fluxes have some moisture 
content, The first boiling of a flux as 
it is heated is vaporizing of the mois- 
ture. The acid dissolves the oxides and 
permits the solder metal to adhere to 
the parent metal, The flux fuses as it 
cools. The fused flux covers the solder 
to prevent or minimize further 
oxidation. 

Certain solder joints must be sol- 
dered using noncorrosive fluxes. Such 
joints as electrical and electronic con- 
nections are included in this class. 
Rosin is the flux used. It comes from 
tars found in pine trees. It is the resi- 
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due formed after distilling the tar. 
Rosin does have the handicap of oper- 
ating slowly and spreading slowly. To 
overcome this action, activators (1 to 
2 percent) are sometimes mixed with 
the rosin, These activators are usually 
a hydrochloride compound. Most of 
these activators are slightly corrosive 
and good cleaning is recommended, 
Rosin is commonly mixed with ethyl 
alcohol to create what consistency 
(thickness of mixture) is desired. It 
may also be mixed withpetroleum jelly 
when a paste mix is desired. 

Articles coated with tin and other 
soft alloys can best be soldered whena 
rosin-dissolved-in-alcohol flux is 
used, When soldering copper and iron, 
sal ammoniac (ammonium chloride) is 
an effective flux. Sheet metals, copper, 
brass, etc., are best soldered when a 
zine chloride flux is used, while hydro- 
chloric acid (muriatic acid), with an 
excess of zinc is best for galvanized 
iron. Flux for soldering cast iron 
usually consists of zinc chloride added 
to tallow and heated to a brown color. 
A solution of zinc chloride maybe used 
for the same purpose. 

In using all soldering fluxes, the 
instructions supplied by the manufac- 
turer should be carefully followed. 


15-4. SOLDERING PROCEDURES 


The five general methods of pro- 
viding heat for soldering are: 

1, Soldering copper. 

2; Torch, 

3. Dip bath. 

4. Furnace, 

5. Carbon arc. 
Before describing soldering proce- 
dures in detail, it should be pointed 
out that several things must be done in 
order to produce successful soldering. 
These are: 


1. Metals to be soldered together 
must be chemically clean, All the 
oxides, grease, and dirt must be 
removed, 

2. Metals to be soldered together 
must be heated. 

3, Metals to be soldered must be 
firmly supported during the soldering 
operation, ` 

4, The proper flux must be used. 
This flux must be fresh and it must 
be as chemically pure (CP) as possible. 

5. The solder should be melted only 
by the heat in the metals tobe soldered 
together, 

6, The soldering operation should be 
done as quickly as possible. 

7, An excess of solder is useless 
and unsightly. 

8. The solder flux shouldbe removed 
from the joint as thoroughly and as 
soon as possible after the soldering 
operation is completed, 

The metals may be cleaned chemi- 
cally if they are then thoroughly rinsed 
and dried. The metals may also be 
cleaned by filing, or wire brushing, Use 
only clean tools, clean steel wool, 
and/or clean stainless steel wool, The 
metals should be heated just above the 
flow temperature of the solder, Clean 
heat should be used. 

If either piece of parent metal moves 
while the metal is cooling from its 
flow temperature to its solidification 
temperature the solder will probably 
contain cracks and will fail, It is there- 
fore necessary to firmly support the 
metals with a fixture, clamps, etc; to 
make sure they do not move while the 
soldering operation is in process. 

Be sure the main flux container is 
sealed when not in use in order tokeep 
the flux clean, Remove only that quan- 
tity of flux needed for the particular 
job. Apply the flux witha clean brush 
or paddle, Brushes and paddles should 
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be thoroughly washed each day. Water- 
base fluxes should be usedimmediately. 


Fig. 15-4. Kit of various special paste solders. These 
compounds contain both a powdered soldering metal 
and a flux. A hypodermic type applicator is provided 
for applying the mixture to the soldered joint. 
(Fusion Eng. Co.) 


With most paste type fluxes, you may 
wait as long as an hour before using 
the flux. The soldered joint should be 
completed as soon as possible once the 
flux is heated, as any delay will cause 
flux salts to form. 

One method used to properly pro- 
portion the flux to the jointtobe brazed 
or soldered and to insure a correct 
distribution of the filler metalallalong 
the joint, is to use a paste made of the 


Fig. 15-5. Solder paste flux applicator. The paste may 

be measured in quantities from, .001 oz. to ] oz. and 

deposited under m given pressure at the joint by the 

paste applicator nozzle. To complete the soldering 
operation, heat must be applied. 


flux and of the filler metal in a powder 
form. Such a paste is shown in Fig. 
15-4, This is obtainable in a variety of 
solders and brazing materials mixed 
with the proper fluxes. These fluxes 
are applied by using dispensers as 
shown in Fig. 15-5, 

An interesting method of soldering 
electrical wire joints is shown in Fig. 
15-6. The operator is using a twin- 
carbon electrode holder, and the arc 
between these electrodes is providing 
enough radiant heat to heat the wire 
joint sufficiently to permit soldering. 
The operator is holding a spool of wire 
solder in his right hand, Note that only 
the heat from the electrical wire is used 
to melt the solder filler metal wire. 


15-5. TINNING 


Adhering a very thin layer or film 
of solder to a metal surface is called 
tinning. The word tinning is from an 
old sheet metal term. Tin cans are 
actually not tin cans but are made of 
steel with an extremely thin coating of 
tin or a tin alloy on the surface of the 
steel, Copper wire is also frequently 
tinned as it is manufactured, In all 
soldering operations, the solder tins 
the surfaces as the process travels 


Fig. 15-6. Electrical joint being soldered using a twin- 
carbon electrode arc as the source of heat. 
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Fig. 15-7. Air-acetylene torch equipped with a solder- 
ing copper attachment. 


along the joint, Some operations canbe 
successfully tinned before the parts are 
assembled and the joint then soldered. 
These two operations may be used if a 
corrosive flux is needed for the tinning. 
A noncorrosive flux can then be used 
for the final assembly of the joint, This 
method is often used where the final 
assembly is difficult to clean. 
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square or octagonal solid copper bar 
with a four-sided tapered point. Sol- 
dering coppers come in several sizes 
and shapes. One pound to sixteen pound 
coppers are available, Shapes available 
include pointed, flat bottom, blunt point- 
ed, tapered flat bottom, and hatchet. 
The efficiency of transmission of the 
heat from the copper tothe work makes 
copper ideal for the purpose. Also, cop- 
per is easily tinned, or coated with 
solder, so that the molten solder will 
adhere to it, making the handling of the 
solder less difficult, The copper may 
be heated by a gas flame, by a blow- 
torch, or by an electrical resistance 
heating element. Fig. 15-7, shows an 
air-acetylene flame heating a soldering 
copper, while Fig. 15-8, shows sol- 
dering coppers being heated by the 
twin-carbon arc method, 


Fig. 15-8. Twin-carbon electric arc being used to heat soldering coppers in a 


specially built fixture. 


15-6. SOLDERING COPPER METHOD 


The soldering copper method of sol- 
dering is the oldest and still a popular 
method for doing certain types of lead- 
tin alloy soldering. This tool is often 
called a soldering iron because it 
"irons" the solder along a seam, A sol- 
dering copper usually consists of a 


(Lincoln Elec. Co.) 


Advantages of the soldering copper 
are that it produces a concentrated 
heat, and the copper is not likely to be 
heated to such a high temperature that 
it will injure the metals to be soldered 
together, or the solder, Ifthe soldering 
copper is heated to too highatempera- 
ture the tinning will burn offthe copper 
and the copper will blacken. The sol- 
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dering copper also acts as a means of 
spreading, or smoothing (ironing) the 
solder at the same time it is melting 
and adhering the solder to the metals, 
as shown in Fig. 15-9. A soldering 
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Fig. 15-9. Soldering with soldering copper. Note the 
direction in which the copper is moved as the sol- 
dered seam progresses. 


copper has the disadvantage of requir- 
ing reheating quite frequently. How- 
ever, electrically heated soldering cop- 
per and internal flame heated coppers 
do not have this problem, The tip of the 
soldering copper must be kept clean 
and tinned at all times. 

The process of cleaning and solder 
coating the soldering copper is called 
"tinning." To "tin" a soldering copper, 
it is necessary to file the point with a 
clean file to a smooth coppery finish 
without leaving any dirt or pits, and 
then to clean the point chemically by 
dipping it in a cleaning compound, or 
to apply the thin coat of solder to the 
tip in the presence of salammoniac. 

One of the best applications of the 
soldering copper istouseit for ''sweat- 
ing" a soldered joint. By this term is 
meant that the two metals tobe soldered 
together are lapped at their joint with 


a previously applied film of solder on 
the two surfaces that come in contact. 
The two edges to belappedtogether are 
previously tinned by using the soldering 
copper. These edges are then lapped, 
and the copper is slowly moved along 
the seam, permitting the heat from the 
soldering copper to penetrate through 
the metal to the solder and fusing the 
solder films together, as shown in Fig. 
15-10. The resultant joint is strong 
and neat, It is very important that the 
two metals fit together snugly. This 
method is recommended when a high 
quality, leakproof joint is desired and 
for difficult to solder joints. 
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Fig. 15-10. Steps required to make a 'sweated"' sol- 
dered joint. 1. Solder is applied in u thin film (tin- 
ning). 2. Surfaces are lapped to form the joint. 3. Sol- 
dering copper is applied and moved along the joint to 
flow the solder on to the previously tinned surfaces. 
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Fig. 15-11. Air-acetylene soldering and brazing out- 
fit. When the regulator is attached to an acetylene 
cylinder, the outfit is complete. 


15-7. SOLDERING TORCH (TORCH 
SOLDERING) METHOD 


Soldering torches provide a fast and 
flexible method for providing heat for 
soldering. Several types of soldering 
torches are: 

1. Gasoline blowtorch. 

2. Natural gas-oxygen torch. 

3, Natural gas-compressedair torch, 

4, Air-acetylene torch as shown in 
Big, 15-11, 

5. Compressed air-acetylene torch, 
as shown in Fig. 15-12. 
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Fig. 15-12. Compressed air-ocetylene torch. 


6, Oxyacetylene torch. 

7. Propane torch (with fuel cylinder), 

In order to solder satisfactorily with 
a torch, the flame must heat the metals 
to be soldered; the flame must be clean 
so that the surfaces heated will not be 
corroded by the flame gases; the flame 


heat must be concentrated; and the 
amount of heat must be easily adjusted. 
Fig. 15-13, shows a variety oftips used 
for soldering with the air-acetylene 
flame. 

The general method of torch sol- 
dering is as follows: 

1. Clean the surface. 

2. Heat the surface with the torch (if 
possible direct the torch flame on the 
metal a short distance away from the 
spot to be soldered to avoid oxidizing 
the place where the solder isto adhere). 


ACETYLENE 
INLET 


AIR INLET 


Fig. 15-13. Variety of tips used with an air-acetylene 

torch. More heat may be obtained by using a larger 

tip size; however, each tip flame operates at the 
same temperature. (Linde Co.) 


3. Apply a small quantity of solder 
at the same time drawing the torch 
away from the metal (the metal only 
should melt the solder). 

4, Smooth the surface, Do not hold 
the torch too close, but keep the inner 
cone of the flame from 1/2 to 3 in. 
away from the metal to avoid over- 
heating the metal andthe solder, Always 
keep the torch moving to help prevent 
overheating any part of the joint. If the 
solder does not adhere, stop the sol- 
dering operation, thoroughly reclean 
the metal and then repeat the soldering 
operation. 

A common torch soldering fault isto 
use too much solder, which does not 
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Fig. 15-14. This illustration shows the cavity of an offset lap joint being filled 
by using the torch soldering method to form a smooth upper surface for final 
metal finishing. 


strengthen the joint and whichis waste- 
ful. If too much solder is used, a neat 
looking joint may still be obtained by 
wiping off the excess molten solder, 
using a clean thick cloth, The solder 
should be wiped away while it is at the 
flowing temperature rather than at the 
melting temperature. It is very im- 
portant to avoid overheating the metal. 
A growing use for torch soldering is 
to build up irregular surfaces on manu- 
factured articles by applying solder to 
secure a smooth finish on the finished 
article. This methodis used extensively 
in automotive body manufacturing and in 
body repair work. The irregular sur- 
face is mechanically cleaned and it is 
then chemically cleaned with a weak 
acid. A wood paddle is sometimes used 
to help apply the solder to the torch- 
heated surfaces. Fig. 15-14, shows a 
metal joint being filled in by the torch 
soldering method, The solder is then 
"dressed" by filing and sanding to match 
the sheet metal surface. 
Refrigeration, air conditioning, and 
plumbing industries are now using sol- 
dered joints at an increasing rate, In- 
stead of threading the joints, a special 
fitting is made into which the pipe is 
inserted as shown in Fig. 15-15, Here; 


too, the joint must be mechanically 
cleaned, fluxed, the tubing firmly sup- 
ported, and the soldering done as quick- 
ly as possible, The flux is usually put 
on the outside of the tubing only topre- 
vent an excess of flux inside the tubing 
and fitting, A weaving action of the 
torch flame will heat the metal evenly 
which is important, and prevent over- 
heated spots. This type joint may be 
soldered successfully with the tubing 
and the fittings in any position. A change 
of color of the secondary flame usually 
indicates that the tubing and fitting are 
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Fig. 15-15. Soldered tubing or pipe joint. Solder is 
drawn into the joint by capillary action. 
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overheated, This type joint utilizes the 
principle that when two surfaces are 
placed close together, a liquid placed 
in any one spot between them will 
quickly spread to all parts of the space 
between the two surfaces, The joint 
needs small clearance to provide space 
for solder to flow into the joint. 

Upon heating the pieces and applying 
solder to the joint, solder fills in the 
space by capillary attraction, making 
a strong and neat joint, The joints may 
be either soldered or brazed. See 
CHAPTER 16 for brazing procedures, 

To solder cast iron, it must first be 
filed, machine blasted, or shot blasted 
to remove the oxide skin, The mechani- 
cally cleaned surface must then be de- 
greased and cleaned ina special molten 
flux bath that will remove the surface 
graphite. 


15-8. DIP BATH METHOD 


This method consists of melting a 
quantity of solder in a tank or pot, The 
solder is protected by means of a hood 
or chemical covering, suchas powdered 
charcoal, to prevent oxidation of the 
solder, The articles to be solderedare 
dipped in a flux bath, and then in the 
solder bath. This method is a labor- 
saving device to either solder coat sur- 
faces to make them rustproof, or to 
fasten the various parts of anassembly 
together. 

The articles to be soldered together 
are usually assembled and then acid 
cleaned, "pickled," after whichthey are 
thoroughly washed and dried before 
being dipped into the solder bath, The 
articles are lifted out of the bath; and 
excess solder is allowed to drain from 
the surfaces. 

An important precaution to be ob- 
served with this method is that under 
no circumstances should any articles 


which have the slightest amount of 
moisture on them be put into the bath, 
A small amount of moisture will pro- 
duce instant high-temperature steam, 
causing an explosion of the bath with 
possible injuries to the workmen and 
destruction to property. 

Many solder joints are made auto- 
matically, The parts to be soldered are 
mounted in fixtures, the flux and solder 
are fed automatically. Heating is auto- 
matic and the soldered joint is cooled 
before the parts are ejected from the 
fixtures, See Fig. 15-16, Some instal- 
lations use preplaced solder rings or 
solder foil instead of automatic feeding 
of the solder filler wire. Precleaning 
and postcleaning are sometimes a part 
of the automatic process, 


15-9. ELECTRIC SOLDERING IRONS 


The electric type soldering iron 
maintains a uniform heat, and is de- 
sirable for many soldering jobs. A 200- 
watt iron is suitable for most sheet 
metal work, 

The soldering gun is used mostly for 
electric/electronics work, 


15-10. STAINLESS STEEL 
SOLDERING 


Many kinds of stainless steels are 
now being used. Some of the more 
common ones are: 

1. 200 series (approximately 17 per- 
cent chromium, 5 percent nickel). 

2. 301 to 308 series (approximately 
18 percent chromium, 8 percent nickel). 

3. 309-314 series (approximately 23 
percent chromium, 14-18 percent 
nickel). 

4. 315-34" series (approximately 18 
percent chromium, 12 percent nickel). 

Properties of stainless steels are de- 
scribed in CHAPTERS 18 and 24, 
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Stainless steel joints can be either 
soldered, brazed, or welded. Soldering 
is used often to make low strength leak- 
proof joints, and to eliminate cracks 
and crevices, 

A strong flux is needed to promote 
adhesion of the solders as the chromium 
surface film on the stainless steel re- 
sists ordinary fluxes, A corrosive flux 
is used. It is very important that the 
flux be completely removed after sol- 
dering. A warm water bath with perhaps 
some mechanical brushing, will do a 
satisfactory job of removing the flux. 

A 50-50 solder makes a good joint 
but its color does not match the color 
of stainless steel, Special solders which 


Fig. 15-16. Automatic soldering operation using u pressurized solder and flux mixture. 
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match stainless steel color (usually 
with no lead content) are available. 

Solder for stainless steel comes in 
rods 1/8 dia. by 15 in. long. 


15-11. STAINLESS STEEL 
SOLDERING FLUXES 


One way to solder stainless steel 
successfully is to first clean the metal 
with a hydrochloric acid (50 percent) 
and water (50 percent) mixture. Only 
experienced persons should mix the 
acid (always add the acid slowly to the 
water--not water to acid. Wear goggles, 
face guards, rubber-lined clothing and 
rubber gloves when preparing this 
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cleaning fluid. Be sure the mixture 
temperature is moderate and stays 
near the ambient (room) temperature, 

After the acid has been on the stain- 
less steel surface for approximately 
four minutes, rinse, apply a zinc chlo- 
ride flux and carefully heat the metal; 
then apply solder as usual, Great care 
is needed as stainless steel is diffi- 
cult to solder, One will find that the 
solder will adhere easier and better if 
the stainless steel surface is scratched 
using a small scrubbing motion with 
the solder filler rod, This action seems 
to mechanically remove any residual 
film which prevents the solder from 
adhering to the surface. 


15-12. ALUMINUM SOLDERING 
ALLOYS 


One of the most difficult soldering 
tasks is to solder articles made of 
aluminum. At the present time com- 
mercially pure aluminum and aluminum 
alloys of not more than 1 percent 
manganese or 1 percent magnesium 
can be soldered most successfully. Heat 
treated aluminum and clad aluminum 
lose some of their physical properties 
when soldered. It is recommended, if 
possible, to weld any aluminum frac- 
tures rather than attempt to solder 
them, Lead solders are most difficult 
to use for soldering aluminum due to 
the reluctance of the aluminum and 
lead to adhere to eachother, Scratching 
of the aluminum surface withthe solder 
does help. Special solders prepared 
for aluminum soldering are recom- 
mended, Some of these are as follows: 

1. 60 percent tin, 37 percent zinc, 
and 3 percent copper. 

2. 30 percent tin, and 70 percent zinc. 

3. 40 percent cadmium, and 60 per- 
cent zinc. 

These solders melt and flow at approxi- 


mately 400 to 450 deg. F. (well below 
the “hot short" temperature of 
aluminum-see Chapter 16). 

There is an increasing number of 
patented and/or registered alloys which 
can be successfully used to solder 
aluminum, The manufacturer's recom- 
mendations should be carefully 
followed, 

To obtain the best results, the parts 
soldered together should be held firmly 
until the solder cools to near room 
temperature. 

The aluminum solder alloys are 
available in both wire and bar form. 


15-13. ALUMINUM SOLDERING 
PROCEDURE 


The same basic procedure is neces- 
sary for soldering aluminum as for any 
other metal, see PAR, 15-4, The metal, 
the flux, and the filler rod must be 
clean. A good support for the parts 
while they are being joinedis important, 

Usually, the joint is heated with a 
carburizing flame. A rather large torch 
movement is used. The rod (solder) 
should be melted only by the heat from 
the metal to be joined. The joint may 
be built to the desired fillet or build- 
up by rubbing the rod on the heated 
surface, The rubbing action helps break 
the oxide film on the metals to be 
joined, Flux is not always necessary, 
but a good aluminum flux usually im- 
proves the filler metal flow. 

Fluxes are now available that permit 
soldering without using the rubbing 
technique. 

The joint must be cleaned withaclean 
wire brush or clean steel wool before 
and after to remove dirt and grease, It 
is important to remove all traces of 
the flux after soldering, by washing 
and/or scrubbing, or otherwise the 
residual flux may corrode the metal, 
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If there is any chance of exposure to 
moisture which may produce galvanic 
action, the joint should be painted or 
varnished as a further protection. 

When using a soldering copper to 
solder aluminum, the copper may be 
tinned with a tin-lead solder, 

Brazing aluminum 
CHAPTER 16, 


is covered in 


15-14. DIE CAST SOLDERING 


Some zinc die castings can be sol- 
dered. However, it is a difficult oper- 
ation, The solder used is usually an 
alloy of 82.5 percent cadmium and 
17.5 percent zinc. This alloy melts 
(flows) at 508 deg. F. (264 deg. C). Lac- 
quer, paint, or chromium plated sur- 
facing must first be removed before 
soldering die castings. 

Die castings can sometimes be sol- 
dered without flux, One can use a sol- 
dering copper by rubbing the copper 
with vigor into the,die cast surface. 
Die castings are also successfully 
soldered by first coatingthe die casting 
with nickel and then soldering with a 
tin-lead solder. 


15-15. SOLDERING MISCELLANEOUS 
METALS 


Copper alloys such as aluminum 
bearing copper alloys, silicon alloys, 
and beryllium alloys can be soldered. 
The oxides have a high melting temper- 
ature (refractory properties) and must 
be mechanically removed (grinding). 
A strong flux is needed. One satis- 
factory flux consists of: 

Concentrated hydrochloric acid (50 

percent), 25 percent solution of zinc 

chloride in water (50 percent). 
One of the best solders touseisa high- 
tin solder. 

Galvanized iron canalsobe soldered, 


After cleaning the metal, use a flux 
made of ammonium chloride and zinc 
chloride, then use tin-lead solder which 
is free of antimony. The antimony may 
mix with the zinc coating and produce 
a brittle and gritty solder mixture. To 
avoid damage to the zinc (galvanized) 
coating, remove the flux as quickly as 
possible after soldering. 


15-16. TESTING AND INSPECTING 
SOLDERED JOINTS 


Soldered joints are usually tested 
in two ways: 

1. For being leakproof (where it is 
applicable). 

2. For being immune to humidity. 

The tightness of the joint can be tested 
hydrostatically using water. 

The joint is tested as toits corrosion 
resistant powers by putting the joint in 
a humidity cabinet where it is kept at 
a temperature of 100 deg. F. and at 
approximately 100 percent humidity for 
at least 72 hours. A good joint will re- 
veal no evidence of corrosion under 
low magnification inspection. 

Visual inspection of the joint will 
usually show such defects as poor ad- 
hesion, incomplete soldering, too much 
solder, overheating, dirt inclusion, etc. 


15-17. REVIEW OF SOLDERING 
SAFETY PRACTICE 


Soldering, brazing, or welding with 
or on alloys containing cadmium or 
beryllium can be extremely hazardous, 

Fumes from cadmium or beryllium 
compounds are extremely toxic. Sev- 
eral deaths have been reported from 
inhaling cadmium oxide fumes. 

Skin contact with cadmium and beryl- 
lium should also be avoided. 

An expertinindustrialhygiene should 
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be consulted whenever cadmium or be- 
ryllium compounds are to be used or 
when repairs are to be made on parts 
containing these metals. 

Fluxes containing flouride compound 
are also toxic. 

Good ventilation is essential when 
soldering or brazing and the operator 
should always observe good safety 
practices. 

The most common hazard when sol- 
dering is exposure of the skin, eyes, 
and clothing to acid fluxes. Always work 
in a way that flux will not be spilled on 
the skin or clothing. Surfaces acciden- 
tally contacting acid fluxes should be 
washed immediately in clear water. 

Heating soldering coppers some- 
times presents a fire or heating hazard 
if an open flame is used, Be sure flam- 
mable material is kept away from the 
heating flames. 

Be sure that there are no flammable 
fumes such as gasoline, acetylene or 
other flammable gasses present where 
soldering is being performed, 

Perhaps the greatest hazard one 
meets in soldering, is the attempt to 
solder gasoline or other fueltanks. The 
job should never be attempted in the 
usual school shop. 


15-18. TEST YOUR KNOWLEDGE 


1. What is soldering? 

2. Name the different types of 
soldering. 

3. What sources of heating are used 
for soldering? 

4. What is the purpose of the flux? 

5. Why are oxides detrimentalto 
soldering? 


6. What alloy is used for soldering a 
silicon-copper alloy? 

7. What is the indication when the sol- 
dering copper is becoming too hot? 

8. What is the melting temperature of 
50-50 solder? 

9, May a welding torch be used for 
soldering? 
10. What is the flow temperature of 
50-50 solder? 
11. What temperature level does the 
American Welding Society define as the 
difference between soldering and 
brazing? 
12. Does a soldered joint have good 
resistance to heat flow? 
13. What solder action does a small 
addition of silver cause? 
14. Can an oxidized surface be 
soldered? 
15. Of what use is zinc chloride when 
soldering? 
16. Name the main chemical in a non- 
corrosive flux. 
17. What evaporates first when a flux 
is heated? 
18. What chemical in a cast iron sur- 
face must be removed before it can be 
successfully soldered? 
19. Why must the parts of a joint be 
firmly supported during the soldering 
operation? 
20. What is the difference between ad- 
hesion and cohesion? 
21. Why is the surface sometimes 
scraped under the layer of molten 
solder? 
22. In. what condition should a wire 
brush be, before it is used to clean 
metal for soldering? 
23. What type joint uses capillary action 
to distribute the solder in the joint? 
24. Can aluminum be soldered? 
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Chapter 16 


BRAZING 
BRAZE WELDING 


Both brazing and braze welding are 
metal joining processes whichare per- 
formed at temperatures above 800 deg. 
F., as compared to soldering which is 
performed at temperatures below 800 
deg. F. 

The American Welding Society de- 
fines these processes as follows: 

BRAZING - "A group of welding pro- 
cesses wherein coalescence is pro- 
duced by heating to suitable tempera- 
tures above 800 deg. F., and by using 
a nonferrous filler metal having a melt- 
ing point below that of the base metals. 
The filler metal is distributed between 
the closely fitted surfaces of the joint 
by capillary attraction." 

BRAZE WELDING-"A method of 
welding whereby a groove, fillet, plug 
or slot weld is made using a nonfer- 
rous filler metal, having a melting 
point below that of the base metals, 
but above 800 deg. F. The filler metal 
is not distributed in the joint by cap- 
illary attraction." 

Brazing has been used for centuries. 
Blacksmiths, jewelers, armorers, and 
other tradesmen have used the process 
on large and small articles since be- 
fore recorded history. This joining 
method has grown steadily both in vol- 
ume and popularity. It is an important 
industrial process as well as a jewel- 
ry making and repair process. The art 
of brazing has become more of a 
science as the knowledge of chemistry, 
physics, and metallurgy has increased, 


The usual terms Brazing and Braze 
Welding imply the use of a nonferrous 
alloy as a filler metal which consists 
chiefly of copper and zinc ortin. 

Brass is an alloy consisting chiefly 
of copper and zinc. Bronze is an alloy 
consisting chiefly of copper and tin, 
Most rods used in both brazing and 
braze welding are brass alloys rather 
than bronze. The brands which are 
called bronze usually contain a small 
percent (about 1 percent) of tin, 

Special alloys containing either sil- 
ver or aluminum will be explained in 
later paragraphs. 


16-1. BRAZING AND BRAZE 
WELDING PRINCIPLES 


Brazing is an adhesion process in 
which the metals being joined are heated 
but not melted; the brazing filler metal 
melts and flows at temperatures above 
800 deg. F. (427 deg. C.). 

A brazed joint is stronger than a sol- 
dered joint and in certain instances is 
as strong as a welded joint, It is used 
where mechanical strength and pres- 
sure proof joints are desired. Brazing 
and braze welding are superior to weld- 
ing in some applications, as they do not 
affect the heat treatment of the orig- 
inal metals as much as welding. 

Brazing and braze welding warp the 
original metals less, and it is possible 
to join dissimilar metals. Examples: 
steel tubing may be brazedtocast iron, 
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copper tubing brazed to steel, and tool 
steel brazed to low carbon steel. 

The joints and the material being 
brazed must be specially designed for 
the purpose. Fig, 16-1, shows several 
different types of joints suitable for 
brazing, 

In braze welding, joint designs as 
used for oxy-gas or arc welding are 
satisfactory. Such joint designs are 
discussed in CHAPTERS 1 and 5. When 
brazing, poor fit and alignment result 
in poor joints and in inefficient use of 
brazing filler metal, See Fig. 16-2. 

It is important to provide good ven- 
tilation when brazing or braze welding, 
because fumes from the heated fluxes 
and vaporized filler metals (such as 
zinc and cadmium) may affect the res- 
piratory system, eyes, or skin, 


16-2. BRAZING AND BRAZE WELD- 
ING FILLER METAL ALLOYS 


Many filler metal alloys are avail- 
able for use in brazing andbraze weld- 
ing. Some of them are: 


BRAZING ALLOY NAME 


1. Copper and zinc alloys (brass) 
2. Gopper 
3. Nickel and Chromium Alloys 
4. Copper and Phosphorus Alloys 
5. Silver Alloys 
6. Copper and Gold Alloys 
7. Aluminum and Silicon Alloys 
8. Magnesium Alloys 

As more of the earth metals are re- 
fined and used commercially, brazing 
filler metal alloys are being developed 
so these metals may be joined by 
brazing and braze welding. Such metals 
as palladium, titanium, beryllium zir- 
conium (the exotic group), are now 
being used in missile and satellite con- 


struction. Brazing is included in the 
methods for joining these exotic metals. 

Fig. 16-3, shows various brazing fil- 
ler metal alloys, alloying elements, and 
their melting and flow temperatures, 


16-3. BRAZING AND BRAZE 
WELDING FLUXES 


The American Welding Society de- 
fines a flux as, "Material used to pre- 
vent, dissolve or facilitate removal of 
oxides and other undesirable substan- 
ces," 

A brazing flux must be of a compo- 
sition that keeps both the brazingfiller 
metal and the metals being joined clean 
during the joining operation, The fluxes 
must be chemically pure. Some manu- 
facturers mark their fluxes C.P. 
(chemically pure).However, most fluxes 
are chemically pure even though they 
may not be marked C.P. 

Borax is a flux which has been used 
over the greatest period of time with 
the copper brazing filler metal alloys. 

Borax or boric acid (Borax plus 


AWS-ASTM CLASSIFICATION 


*BCuZn 
Bou 
BNiCr 
BCuP 
BAg 
BCuAu 
BALSi 
BMg 


In each of these filler metal alloys the "B" stands for Brazing Alloy. 


water) is a common base for brazing 
fluxes. A popular mixture is 75 percent 
borax (powdered form) and 25 percent 
boric acid (liquid form) mixed to form 
a paste, Other ratios of these two chem- 
icals are also used to form more solid 
or more fluid fluxes as may be re- 
quired. These mixtures range from 75 
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BASIC JOINT DESIGNS-FLAT AND CURVED SURFACES 


MODIFIED BUTT MODIFIED LAP 


ANGUS 


MODIFIED BUTT-LAP BUTT-LAP 
PIERCED 


Fig. 16-1. Joints designed to produce good brazing results. 


percent to 25 percent borax with the 
remainder being boric acid. Some of 
the commercial fluxes also contain 
small amounts of phosphorus and halo- 
gen salts (halogen means any one of the 


BUTT 


WAP. ) 
KUULAA 

r 

D 

D 


ASRS 


ASSY 


($5 


ZÀ 
MODIFIED BUTT 


MODIFIED LAP 


MODIFIED BUTTLAP — BUTT-LAP PIERCED 


(Handy and Harman) 


specially trained in-its use as it must 
be kept dry, away from acids, nitrates, 
and other oxidizing agents. 

When selecting a flux for brazing or 
braze welding all of the variables in 


ALLS A E cP 


Mating surfaces should be assembled and supported par- 
allel throughout the joint area &» obtain uniform flow of 
alloy and maximum strength. 


UL 


POOR Mismoted lop joints, V-type joints, and flared tubular joints 
waste brazing alloy and may reduce the joint strength, 


GOOD Proper fit and alignment in tubular joints is your assurance 
of high strength joints. 


Poor fit can interrupt the pull of capillary action, reduce 
strength and make it difficult to get leak-tight joints. 


Fig. 16-2. Some well-designed joints which have been prepared for brazing, and some poorly-designed joints 
shown for comparison. 


iodines, bromine, fluorine, chlorine, 
and astatine chemical elements). 

Alkaline bifluoride is used as a flux 
for brazing or braze welding stainless 
steel, silicon bronzes, aluminum or 
beryllium copper alloys. As most of 
‘the fumes from these fluxes are harm- 
ful to health, good ventilation is very 
necessary. 

A special flux made of sodium cyanide 
salts is excellent when silver brazing 
tungsten to copper. THE FUMES ARE 
VERY DANGEROUS. AVOID BREATH- 
ING THE FUMES AND DO NOT LET 
THE FLUX CONTACT THE SKIN. This 
flux should only be handled by people 


each application must be considered, 
The variables include: 

1. Base metal or metals used, 

2. Brazing filler metal used, 

3. Source of heat used: oxyacetylene, 
carbon arc, or electric induction heat- 
ing. 


16-4. METHODS OF APPLYING 
BRAZING AND BRAZE 
WELDING FLUXES 


Various methods may be used to ap- 
ply fluxes during a brazing or braze 
welding operation. 

The fluxes are most commonly sup- 
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Temperature, ° F 


Filler Nominal Composition 
Metal EE EE an meme | s 
Classification Cu Ag P Zn Cd Au Ni Al Cr Si B Other Solidus 
BAISi-1 ut 95 5 1070 
-2 vs 92.5 7.8 1070 
-3 4 E 86 10 970 
-4 ie se 88 12 1070 
BCuP-1 95 5 a Fa 1305 
-2 93 7 1305 
8 89 6 1195 
-4 87 6 tf 1185 
-5 80 15 5 a Jn VE 1185 
BCuAu-l 62.5 E 2 Ls X 37.5 1755 
- 20 P: E D M 80 1620 
BCu 99 Ax EC a cn 1980 
BCuZn-1 60 40 1650 
-2 57 42 Sn-1 1630 
-3 56 40 1 Sn-1, Fe-1 1590 
Mn- 
-4 52.5 47.5 1570 
-5 51.5 45 an Sn-3.5 1585 
-6 48 ; E 42 Ec € 10 ^r ns am is s 1690 
-7 47 - E- 41.5 v. ve 10.5 hr EE Xr A Ag-1 1685 
g ET oe L| " a ZR 9 E site a Mg-89 1110 
BNiCr-1* a 16.5 4 3.8 C-0.8 1760 
-la on 16.5 4 3.8 C-0.2 1760 
-2* x 7 4 3 1750 
-3* d S 4 2:6 1800 
-4* ae 19 10 : 2030 
BAg-1l 15 45 16 24 Ee $a 1125 
-la 15.5 50 16.5 18 1160 
-2 26 35 21 18 1125 
-3 15.5 50 15.5 16 3 1170 
-4 30 40 28 2 1220 
-5 30 45 25 x 1230 
-6 34 50 16 1250 1425 
-7 22 56 17 Sn-15 1145 
-8 28 72 a pee 1435 
-9 20 65 15 1235 
-10 20 70 : 10 1275 
-11 22 75 s 3 et oe Ms vs E SS we ae 1365 
-2* f 85 Pe ET ie P s e zm m S Mn-15 1760 
-13* 40 54 5 : 1 z: : n at er 1340 
-14* 52.5 25 22.5 1250 
-15* 45 20 30 5 S 1140 
M. 1315 
Li-0.2-0 5 


* Proposed-not included in current AWS specification A5.8—56., t Formerly BAgMn. 
Solidus—Melting Temperature. Liquidus—-Flow Temperature. 


Fig. 16-3. Table of brazing filler metal alloys showing 
their compositions, melting and flow temperatures. 


BASE METAL 


BRAZING 


AND FLUX 


SOLIDIFIED 
FLUX OVER 
FINISHED JOINT 


PENETRATION 


Fig. 16-4. A butt joint being braze welded using the oxyacetylene flame as the 
heat source. Flux has been applied to the brazing rod. 
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plied in a powder form. If the brazing 
rod is heated on the end for a distance 
of 2 - 3 in, and is then placed in the 


ONE GALLON 
RESERVE TANK 


^ 


Fig. 16-5. An oxygen-fuel gas welding station with a 
gas fluxing unit installed in fuel gas supply line. 


flux container, the flux will adhere or 
stick tothe brazing rod, Another method 
used to apply powdered flux to a joint, 
is to heat the base metal slightly and 
sprinkle the powdered flux over the 
joint. The powdered flux will partly 
melt and adhere to the base metal, Fig. 
16-4, shows the flux being applied to 
the brazing rod first, then brought to 
the joint. 

Frequently, the flux is mixed with 
clean water (distilled water is best) to 
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form a paste. This paste is then painted 
on the brazing rod, or on the base 
metals, or both, Whenever the fluxes 
are painted on, an inexpensive, clean, 
small brush is used (commonly called 
an acid brush). 

Brazing rods with a preapplied flux 
coating or covering are available. Tu- 
bular brazing rods with a flux core 
have also been used, 

A method which eliminates the extra 
handling of separate flux is to feed the 
flux into the acetylene, and have the 
flux brought to the joint being brazed or 
braze welded along with the flame 
gases, as shown in Fig. 16-5. The flux 
is usually dissolved in alcohol, The in- 
stallation requires two separate lengths 
of fuel gas hose with fittings. The flux- 
ing equipment, complete with the re- 
serve flux tank, is shown in Fig. 16-6. 

The fuel gas is fedthrougha contain- 
er of liquid flux, and a controlled amount 
of the flux mixes with the fuel gas and 
is fed to the operationthroughthe torch 


Fig. 16-6. A gas fluxing unit. (Gasflux Co.) 
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tip. This method not only eliminates the 
separate operation of adding flux, but 
assures a continuous flow of flux ofthe 
correct amount, and results in an ex- 
cellent and clean joint. 

Powdered braze metals can also be 
injected into the welding flame. By this 
method the heated powder particles are 
protected from oxidation as they are 
transferred to the surface of the base 
metal. Fig. 16-7 shows a hopper type 
powder brazing torch, 


HOPPER 


BRAZING 
CONTROL 
VALVE 


Fig. 16-7. A special oxyacetylene torch with a hop- 

per feed for ultra fine powder fluxes and/or metals. 

The torch can be used for brazing, metal surfacing, 
and welding. 


Another method is to thoroughly mix 
powdered brazing filler metal with the 
flux in the proper proportions toforma 
paste, This combination is then added 
to the joint, This mixture may be hand 
fed using flexible plastic bottles or it 
may be gun fed (either manually or 
power). Fig. 16-8, shows a pneumati- 
cally powered feed applicator for paste 
type fluxes. 


16-5. BRAZING AND BRAZE 
WELDING PROCEDURES 


Heat source for brazing and braze 
welding may be: 
1. A molten bath of brazing metal 


alloy or a molten salt bath into which 
the assembled joint to be brazed is 
dipped. 

2. Torch heating with: 

A, Oxyacetylene. 
B. Air-acetylene. 
C, Oxyhydrogen. 
D. Oxy-propane. 
E. Oxy-natural gas. 

3. Controlled atmosphere furnaces. 

4. Electric resistance heating. 

5, Carbon arc. 

6. Induction heating. 

7. Block brazing--where the joint is 
heated by applying electrically or 
flame-heated blocks to the joint. 

8. Flow brazing--where the joint is 
heated to the brazing temperature by 
flowing molten brazing metal over the 
joint. 

Braze welding usually requires more 
heat than brazing, and since braze weld- 
ing is similar to welding, the operation 
is usually done with an air or oxy-fuel 
gas torch or carbon arc torch. 

Brazing and braze welding proce- 
dures are quite similar, the main dif- 
ference being in the joint design and 
the quantity of brazing rod applied to 
the joint. 


APPLICATOR 


Fig. 16-8. A pneumatically powered flux and powdered 
metal applicator. (Wall Colmonoy Corp.) 
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Some good pointers applicable to both 
brazing and braze welding follow: 

1. Metals to be joined must be me- 
chanically and chemically clean, 

2. Two pieces to be brazed together 
must be fitted properly: that is, the 
metals should not be spaced too far 
apart or forced together. The braze 
welded joint must be prepared in the 
same manner as any oxy-gas or arc 
welded joint. 

3. The two pieces must be firmly 
supported during the brazing and cool- 
ing operations, Any movement of either 
part while the joining metal is molten 
or plastic will weaken the joint. 

4. The metals to be joined must be 
heated to a temperature slightly above 
the melting temperature of the brazing 
filler metal, but below the melting tem- 
perature of the metal being brazed or 
braze welded. 

5. Clean, fresh flux must be applied 
as the operation proceeds to reduce 
oxidation and to float the oxides to the 
surface. 

6. A heat source listed previously is 
required to obtain a high enough tem- 
perature to obtain a good joint. 

The torch flame (oxyacetylene) is 
usually adjusted to a neutral flame, A 
reducing flame will produce an excep- 
tionally neat looking joint, but strength 
will be sacrificed. An oxidizing flame 
will produce a strong joint with rough 
looking surface. A neutral flame will 
give the best results under ordinary 
conditions. 

Carbon arc brazing or braze welding 
is done with a two-carbon electrode 
holder and with AC, Fig. 16-9. 

7, As in steel welding, the brazing 
filler metal must penetrate tothe other 
side of the joint. This penetration must 
be such that the joining metal covers 
100 percent of the joint surfaces and 
adheres to these two surfaces, A min- 


Fig. 16-9. A carbon-arc twin electrode torch used for 
brazing. The arc is drawn between the two electrodes 
and the radiated heat is used for brazing. 
(Lincoln Electric Co.) 


imum amount of joining material should 
be used. 

8. The braze must be cooled properly 
to obtain the desired properties inboth 
the original metal andthe joining metal. 
Heat treatment of metals is covered in 
CHAPTER 25, 


16-6. JOINT DESIGN FOR BRAZING 
AND BRAZE WELDING 


Basically, brazed joints are either 
a lap joint or a butt joint, Fig. 16-10. 
Braze welded joints have the same de- 
sign as a gas or arc welded joint. How- 
ever, there are many varieties of each 
type of joint. It is importanttoremem- 
ber that the smaller the brazing filler 
metal thickness when brazing, the 
stronger the joint, However, the space 
between the metals being joined must 
be enough to allow the brazing metalto 
flow through the joint. The brazing alloy 
will not flow between two surfaces that 
are pressed together (press fits, force 
fits, clamped together and the like). 
In a poorly designed brazing joint, the 
flux may be trapped or the metals may 
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-002°* TO .010** 
ALLOY THICKNESS 


"mad 


LAP JOINT 


:002 TOT OON 
ALLOY THICKNESS 


BUTT JOINT 


.002" TO .010"* 
ALLOY THICKNESS 


SCARF JOINT 


ALLOY ADHESION 
RICEER 


VEE GROOVE BUTT JOINT 


Fig. 16-10. Four types of common joint designs for 
brazing. The V-groove butt joint requires more filler 
metal and is commonly called braze welding. 


expand and reduce the space between 
the base metals. The joint must be 
vented to allow the brazing filler metal 
to flow freely in the joint. 


16-7. COPPER AND ZINC 
ALLOYS (BRASS) 


One of the principal metals used in 
brazing filler metal alloys is copper 
with zinc being used as an alloying met- 
al. This family of alloys melts at tem- 
peratures between 1570 and 1690 deg. 
F., and becomes fluid at temperatures 
between 1595 and 1715 deg. F. 

Fig. 16-11, lists some copper-zinc 
alloys, their composition, use, melting, 
and flow temperatures. 

The most common proportion of cop- 
per and zinc in brazing filler metalsis 
57 percent copper,42 percent zinc,and1 
percent tin, This alloy melts at 1630 deg. 
F., and becomes fluid at 1650 deg.F. 

An unusual alloy is Tobin Bronze. 
This alloy is a patented mixture of cop- 
per and zinc with just a little tin in it. 


16-8. FLUXES FOR COPPER 
AND ZINC ALLOYS 


Flux required depends onthe brazing 
filler metal alloy and kinds of metals 
to be brazed or braze welded together. 
Borax or a mixture of borax and boric 


POPULAR COPPER BRAZING ALLOYS 


Copper Zinc Tin Fe Mn Si Ni 
p Ao 96 96 P Fo % 
Brass Brazing Alloy 60 40 
Naval Brass 60 39.25 .75 
Tobin Bronze 59 40.5 .50 
Manganese Bronze 58.5 39.25 1.0 1.0 .25 
Low Fuming Bronze 57.5 40.48 .9 1.0 .03 .09 
52. 48. 
50 50. 
Nickel Silver 55-65 27-17 18 
48 42 10 
Copper Silicon 98.25 :22001.5 
Phosphor Bronze 98.2 1.5 


P Trade Melting Flow 
% Use Name Temp °F Temp °F 
Copper Nickel All State 41 1650 1660 
Alloy Steel 
Copper Steel 
Nickel Alloys 1630 1650 
Steel Cast 
Iron Anaconda 481 1625 
Steel Oxweld #10 
Anaconda 984 1590 1630 
Cast Iron Anaconda 997 1598 
Steel 
1570 1595 
1585 1610 
Steel Nickel Anaconda 828 
Alloys Cast 
Iron 
Steel Nickel 
Alloys 1690 1715 
Steel to Anaconda 943 1981 
Copper 
.3 Copper Alloys Anaconda 903 
All-State 21 1922 


Fig. 16-11. A table of copper alloy brazing filler metals. Note that all of these alloys melt at a lower temper- 
ature than the melting temperature of copper which is 1981 deg. F. 
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OXYGEN-LP GAS FLAMES 


LP Gas Burning in Atmosphere 
Open fuel gas valve until flame begins to leave tip end, 


Reducing F lame 
(Excess LP-Gas with oxygen.) For heating and soft soldering or silver brazing. 


Neutral Flame 
(LP-Gas with Oxygen.) For brazing light material. 


Oxidizing Flame 
(LP-Gas with excess oxygen.) Hottest flame (about 53009), 
For fusion welding and heavy braze welding. 


Fig. 16-12. Color appearance of Oxygen-LP gas flames. 
(Smith Welding Equip. Corp.) 
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acid will prove satisfactory in most of 
the copper and zinc alloy brazing filler 
metal applications. Many other fluxes 
are also available which provide satis- 
factory results, 


16-9. PROCEDURE FOR BRAZING 
OR BRAZE WELDING WITH 
COPPER AND ZINC ALLOYS 


Prepare pieces to be braze welded 
just as they are prepared for steel weld- 
ing. That is, provide for contraction 
and expansion, If the metal is thicker 
than 8-gauge it must be grooved or 
chamfered to permit adequate penetra- 
tion, The joint to be brazed must be de- 
signed and fitted so that a close fit of 
the two base metals is obtained. The 
surfaces to which the brazing filler 
metal is to adhere must be mechani- 
cally cleaned using clean file or abra- 
sive paper. An emery wheel or emery 
cloth is not recommended due to the 
possibility of imbedding abrasive par- 
ticles and oil in the metal. 

Adjust the torch for the flame de- 
sired, using the same size tip as would 
be used for welding the same thickness 
of the base metal. The flames used for 
brazing or braze welding operations 
when LP fuel gas is used are shown in 
Fig. 16-12, When brazing, the flux is 
usually applied to the joint, while in 
braze welding the flux is often applied 
to the brazing rod, To apply flux to the 
brazing rod, warm the first two or three 
inches of the brazing filler metal rod 
with the torch flame, and then dip the 
heated end of the rod into the flux con- 
tainer. This action willcoatthe brazing 
rod with semi-fused flux 1/8 to 1/4-in. 
in thickness. Now apply the torch to 
the metals to be brazed or braze welded, 
heating the metals at the joint (each one 
equally) to a dull cherry red, The width 
of the bead when braze welding will be 


determined by how wide aportion ofthe 


metal is heatedtocherry red, The braz- 
ing filler metal will not flow over the 
surface unless the surface is at the 
brazing filler metal flow temperature, 

The width of the braze weld bead 
should be a little wider than a steel 
weld on the same thickness of metal, 
While heating the metal, the brazing fil- 
ler metal rod should be kept near the 
torch flame to maintain a fairly high 
rod temperature as shown in Fig. 16-4. 
After the metals have been heated, bring 
the brazing rod (flux-coated portion) 
into contact with the cherry red metals, 
meanwhile maintaining the torch mo- 
tion, The brazing rod will quickly melt 
and flow over or between the parent 
metals. Do not overheat the brazing rod, 
Keep it away from the inner cone. 

When braze welding, the bead should 
proceed along the joint just as in the 
welding process except the procedure 
should be faster, The torch flame is not 
held as close to the metal as in steel 
welding (approximately double the dis- 
tance). The width of the bead may be 
controlled by raising and lowering the 
torch flame. When the flame is held 
close to the metal a wide bead will re- 
sult. By drawing the torch away, the 
metal cools slightly and the bead will 
not be so wide. 

The finished braze or braze weld 
should have the appearance of adequate 
fusion with the base metal, The brazing 
filler metal should penetrate through 
the joint and appear underneath. A 
white deposit on the outside of the 
brazed or braze welded joint indicates 
an overheated joint, also the color of 
the braze filler metal in the joint will 
indicate if it has been overheated. The 
best looking brazed or braze welded 
joint will show a color exactly similar 
to the brazing filler metal used, If 
the brazing filler metal is heated to an 
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excessive temperature, some of the 
zinc will be burned out leaving a cop- 
pery appearance. If an oxidizing flame 
is used, the brazing filler metal will 
have a red color due to the oxidation of 
the copper. 


16-10. SILVER BRAZING ALLOYS 


In the fabrication of jewelry, small 
precision articles, and instruments 
which require strong joints, various 
silver alloys are used as the joining 
metal. The original use of silver alloys 
was in jewelry manufacturing, but at 
present there are but few industries 


performing the brazing varies little 
from the brazing previously described. 

The metals which form the alloys of 
silver are gold, copper, cadmium, and 
zinc. The best grades of silver alloys 
are the ones which are formed partly 
of gold. This type of silver alloy is 
used mostly in jewelry work and pre- 
cision instrument work, A practical 
silver alloy consists of 45 percent sil- 
ver, 15 percent copper, 16 percent zinc, 
and 24 percent cadmium, Another com- 
mon silver alloy consists of 15 percent 
silver, 80 percent copper, and 5 per- 
cent phosphorus, Other silver alloys 
are shown in Fig. 16-13. 


d ner Percent 
4 B-78-29 Silver Cu Zinc Cadmium Melts°FFlows°F Color 
9 58 38 1450 1565 
1 10. 52 .05 1510 1600 Yellow 
*15 80 (5% Phos) 1185 1300 Gray 
2 20 45 35. .05 1430 1500 Yellow 
a Mi) 45 30  .05 1430 1500 Yellow 
80 38 32 1370 1410 
E*35 126 21 18 1125 1295 Almost white 
40 1135 1205 Almost white 
4 45 30 25 1250 1370 Almost white 
**45 15 16 24 1125 1145 Almost white 
50 34 16 1280 1425 Almost white 
**b0 15.5 16.5 18 1160 1175 Almost white 
X50 15:5 15.5 16 (3% Ni) 1195 1270 White 
G 65 20 15 1280 1325 White 
7 70 20 10 1335 1390 White 
8 80 16 4 1360 1490 White 


*—A special alloy containing phosphorous and used only on nonferrous metals. 
**_Some special alloys of silver using a fairly high cadmium content. 


Fig. 16-3. A table of silver brazing filler metal alloys. NOTE: When using 


brazing alloys which contain cadmium, the work area must be well ventilated. 


which do not have some industrial appli- 
cations for this method of brazing. 

Silver brazing is often called silver 
soldering; however, the correcttermis 
silver brazing. 

Many alloys of silver have been de- 
veloped, each has a different melting 
point, flow characteristics, strength, 
and color. Some silver alloys melt at 
relatively low temperature s while 
others melt at fairly high temperatures. 

Due to the cost of silver alloys, they 
are most frequently used for brazing 
operations rather than for braze weld- 
ing. The application or the method of 


Many new silver brazing alloys are 
on the market, and each alloy has its 
own particular fields of application, 

These alloys vary in melting tem- 
perature and in flow temperature, The 
term "melting" temperature means the 
temperature at which the alloy starts 
to melt, while "flow" temperature 
means the temperature which the alloy 
must reach so all of the metal alloy is 
liquid, These temperatures may vary 
with some alloys from 1125 deg. F. 
melting to 1295 deg. F. flow. 

Wide temperature difference between 
melting temperature and its finalhigh- 
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er flow temperature presents some 
difficulties. While applying one of 
these latter alloys, the lower melting 
temperature metals (constituents) 
may flow into the cracks and leave the 
higher temperature metals or alloy 
behind. 

This action causes a change in color 
and strength, and it also causes diffi- 
culty in flowing the remaining alloy on- 
to the base metal. It is best therefore, 
to heat the alloy quickly, first to mini- 
mize oxidation, and second to prevent 
alloy separation, The separation fea- 
ture of the wide temperature range al- 
loys is anadvantage in poor fit-up joints 
and in fillet joints,as the higher temper- 
ature alloys parts will bridge the gaps. 


Cadmium and zinc are usedas alloy- 
ing metals in silver brazing alloys, be- 
cause they have the peculiar ability to 
"wet" or flow and alloy with iron. 

They also lower the alloy melting 
and flowing temperatures, 

There is some danger of producing 
harmful fumes from the zinc and cad- 
mium, if alloys containing these metals 
are violently overheated andthe metals 
vaporize. The work area should be well- 
ventilated, 

Silver brazed joints are very strong 
if properly made. When joining stain- 
less steel butt joints by silver brazing, 
the tensile strength varies as shown 
in Fig. 16-14. 

Silver brazingis one of the best meth- 


STRENGTH OF BILVER BRAZED BUTT JOINT 


Thickness of alloy in joint in inches 
.002 


015 app. Ys 


Tensile Strength lbs. per sq. in. 
133,000 
115,000 
90,000 
83,000 
76,000 
70,000 


Fig. 16-14. A table showing how the strength of c silver brazed joint is 
affected by varying thicknesses of silver brazing filler metal in the joint. 


Fig. 16-15. A microphotograph of a silver alloy 

brazed steel joint. The brazing filler metal in the joint 

is Easy-Flo which is n 45 percent Si, 15 percent Cu, 
16 percent Zn, and 24 percent Ca alloy. 


ods used to connect parts ina leakproof 
manner and to provide maximum 
strength, These joints are strong and 
will stand up under the severe condi- 
tions. The excellent adhesion qualities 
are shown in Fig, 16-15. 

When joining copper, brass, and 
bronze parts, a copper, silver, and 
phosphorus alloy may be used, This 
alloy is less expensive than most sil- 
ver brazing alloys. Nofluxis necessary 
on copper, but brass (copper-zinc) is 
usually brazed using a flux. This type 
of alloy is not used on steel or iron 
alloys. The silver content is approxi- 
mately 15 percent, The alloy flows at 
1300 deg. F. The strength of this joint 
is shown in Fig. 16-16, The absence of 
flux when brazing copper improves the 
visibility during the brazing operation. 
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16-11. FLUXES FOR SILVER 
BRAZING ALLOYS 


The fluxes used when silver brazing 
consist of various mixtures of boric 
acid, borates, fluorides, fluoroborates 
and the like. These fluxes are usable as 
dry powders, paste, or in the molten 
condition, They must be clean, The 


Fig. 16-16. A microphotograph of a copper and brass 
part joined by a 15 percent silver plus copper and 
phosphorus brazing alloy. 


Fig. 16-17. A silver brazed joint being made using 
an oxyacetylene flame and hand fed brazing filler 
metal rod. 
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paste is made by using water or alcohol, 
to form a paste suitable tothe purpose. 
These liquids must also be clean. Dis- 
tilled water is preferred because tap 
waters often contain chemicals that 
might contaminate the flux. 

It is important that the flux wet the 
surface to be brazed. This means that 
a low surface tension flux is needed, 
The liquid flux must be displaced by 
the molten silver alloy as the brazing 
proceeds, A combination powdered sil- 
ver alloy mixed with a paste flux is 
available, 


16-12. PROCEDURES FOR BRAZ- 
ING WITH SILVER ALLOYS 


Silver brazing can be easily done, if 
the correct procedure is followed. The 
points to be remembered are: 

A, Clean the joints mechanically (use 
clean materials or tools). 

B. Fit the joint closely and support 
the joint. 

Apply the proper flux. 

Heat to the correct temperature, 
Apply the silver brazing material. 
Cool the joint. 

. Clean the joint thoroughly. 

E oxyacetylene torch is an excellent 
heat source for silver brazing, as shown 
in Fig. 16-17, although any liquefied 
petroleum fuelinconjuction with oxygen 
is acceptable. There are various sil- 
ver alloys onthe market, Silver brazing 
may be done by a number of methods 
such as: 

1. Sweat method. 

2. City gas and blowpipe method, 

3. Welding torch method. 

Fluxes used for silver brazing must 
be clean, chemically pure and fresh, 
Chlorides are popularly used as silver 
brazing fluxes, Borax made intoa paste 
with water may also be used success- 
fully as a silver brazing flux. 
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mbly, using an oxyacetylene flame as the source of heat. 


(Handy and Harman) 


Silver brazing a pipe and tubing asse 
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e which may be used for brazing operations. Note the controller which controls the 


A quartz lamp heating devic 
hich determines the heating time cycle, and the device for cooling the lamps. 
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The brazing filler metals having a 
35 to 45 percent silver content are be- 
coming increasingly popular. The parts 
to be brazed must be made to fit accu- 
rately and must be thoroughly cleaned. 
Any external surface should be cleaned 
with clean steel wool to remove dirt. 
Other types of cleaners may leave abra- 
sives or an oil film. Internal circular 
surfaces can be cleaned withclean wire 
brushes, with clean steel wool rolled 
on a rod, or by using a clean drill. 

The parts must have contacting sur- 
faces of sufficient size, suchas a tubing 
sliding into a fitting (not a drive fit) to 
get a strong fit, The contacting surfaces 
need not be very large, usually three 


Then the flux will turn milky in color and 
will start to bubble at about 600 deg. F. 
Finally it will turn into a clear liquid 
at about 1100 deg. F. This last temper- 
ature is just short of the brazing tem- 
perature, The clear appearance of the 
flux will indicate the time to start add- 
ing the filler metal, The 45 percent alloy 
melts at 1120 deg. F. and flows at 1140 
deg. F. 

A large tip is recommended for heat- 
ing the joint, as the extra heat permits 
a shorter brazing time, thus reducing 
the time for oxides to form, The basics 
of a brazing operation when using a 
flame as the source of heat are shown 
in Fig. 16-18, The joint should be kept 


BRAZING 
FILLER METAL 


LIQUEFIED 


BRAZING FILLER 
METAL THROUGH 
THE COMPLETE 
THICKN ESS 


FLUX 


BRAZING FILLER 
METAL IN THE JOINT 


Fig. 16-18. Basic flame method of brazing a butt joint. 


times the thickness of the thinnest 
piece of metal in the joint, If the parts 
are dented or are out-of-round, this 
fault must be corrected before the 
brazing is done. It is important to sup- 
port the parts securely during the oper- 
ation, as no movement should take place 
while the alloy is flowing and while it 
is solidifying. 

The heating of the joint must be done 
carefully. Watching the flux behavior is 
the best way to determine the tempera- 
ture of the joint as the heating pro- 
gresses. The flux first will dry out as 
moisture (water) boils offat 212 deg. F. 


covered with the flame during the whole 
operation to prevent air from getting to 
the joint. The flame should not blow 
either the flux or the molten metal, Use 


Fig. 16-19. A large assembly being silver brazed 
using the oxyacetylene flame as the source of heat. 


(Handy and Harman) 
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a slight feather (reducing flame) onthe 
inner cone for best joint appearance. 
Fig, 16-19, shows a large assembly 
being silver brazed using an oxyacety- 
lene flame as the source of heat. 

It is necessary to heat both pieces 
evenly. If a thick piece is being joined 
to a thin piece, the heat must be applied 
more to the thick piece. Keep the torch 
in motion while the alloy is being added 
or local "hot" spots may develop and 
result in a poor joint. 

A popular way toapply silver brazing 
filler metal when making a silver braze 
on a tubing joint is to use silver alloy 
rings as shown in Fig. 16-20. This is 


MACHINED 
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S 
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JOINT 


Fig. 16-20. Silver brazed joints designed to use pre- 
placed silver alloy rings. The alloy forms almost per- 
fect fillets and no further finishing is necessary. 


a practical way to add silver alloy which 
is economical when used on a production 
basis. 

A method of brazing using preplaced 
brazing shims is shown in Fig, 16921. 
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Fig. 16-21. A machining tool bit showing how the car- 
bide insert is brazed to the tool bit body using pre- 
placed brazing filler metal shims. 


It is necessary to thoroughly clean 
the completed silver brazed joint by 
washing in water or scrubbing. Any 
flux left on the metals will tend tocor- 
rode them and also hinder any painting 
or plating operations. 

The joint may be cooled quickly or 
slowly. Cooling with water is permis- 
sible. Water quenching may also serve 
to wash the flux from the joint. 

Visual inspection of the joint will 
quickly reveal any places where the 
braze metal did not adhere. But itis 
best to watch for this adherence and 
make any corrections during the braz- 
ing operation. 


16-13, BRAZING STAINLESS STEEL 


Stainless steel may be more easily 
silver brazed than welded, A silver 
brazed joint is strong if properly de- 
signed and made, The metal does not 
warp to any great extent because ofthe 
relatively low silver brazing tempera- 
tures, and a good color match can us- 
ually be obtained, With stainless steel, 
a 45 percent silver alloy filler rod pro- 
duces a good silver brazed joint. 
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Fig. 16-22, shows the adhesion prop- 
erties of a silver brazing alloy to both 
stainless steel and copper. 
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Fig. 16-22. A microphotograph of a silver brazed 
stainless steel and copper joint. 


16-14. ALUMINUM BRAZING AND 
BRAZE WELDING ALLOYS 


Some aluminum alloys may be suc- 
cessfully brazed or braze welded, The 
brazing filler metal is an aluminum al- 
loy usually with a high silicon content 
which melts at a lower temperature 
than the parent metal, Fig. 16-23 shows 
some of the aluminum brazing filler 
metal alloys. Brazing or braze welding 
is usually confined to the 1100 and the 


FILLER METAL COMPOSITION 
CLASSIFICATION Si Al Cu 
BALSi-1 9.0 495.0 
BAL Si-2 7.3 "925 
BAL Si -3 10.0 86.0 4 
BAL Si-4 12.0 88.0 


3003 (has some manganese) series alu- 
minum alloys (non-heat treatable or 
"soft" alloys) and also to the 6061, 
6062, 6063, and 6951 series aluminum 
alloys. 

Aluminum castings ofthe A612, C612, 
4043, and 356 series may alsobe brazed 
or braze welded, Some sheet aluminum 
is manufactured with a brazing alloy on 
its surface (brazing alloy clad) as 
shown in Fig. 16-24, See CHAPTER 24 
for more information on aluminum and 
its alloys. 

Some aluminum alloys have melting 
temperatures below that of the brazing 
alloys and therefore cannot be brazed or 
braze welded. Some of these alloys are 
the 2011, 2014, 2017, and 2025 series. 

The aluminum brazing filler metal 
flow temperatures range from 1030 to 
1190 deg. F. as shown in Fig. 16-25. 
This comparison scale shows brazing 
alloy melting temperatures and base 
metal melting temperatures. 

A good aluminum brazed joint is 
shown in Fig. 16-26, Note the crystal- 
line structure of the metal in this 
macrophotograph of the etched sample. 


16-15. FLUXES FOR ALUMINUM 
BRAZING AND BRAZE 
WELDING ALLOYS 


Aluminum brazing and braze welding 
fluxes consist mainly of chlorides and 
fluorides. This flux is usually obtained 


TEMPERATURE DEG. F. 


SOLIDUS LIQUIDUS BRAZING TEMP. 
1070 1165 1150-1185 
1070 1155 1120-1140 
970 1085 1060-1185 
1070 1080 1090-1185 


In the classification BALSi, the B means brazing; the AL means aluminum; and the Si means 
silicon. Solidus is the temperature at which the metal begins to melt. Liquidus is the point 
at which the metal will begin to flow. 


Fig. 16-23. A table of aluminum brazing filler metal alloy 
compositions and temperatures. (American Welding Society) 
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ALUMINUM DOR 
ALUMINUM 
ALLOY 


ALUMINUM BRAZING 
METAL PLATING 


No. | Brazing Sheet 


No. 2 Bracing Sheet 


Fig. 16-24. Aluminum sheets showing an aluminum 
brazing metal plating on ons» side (No. 1) and on both 
sides (No. 2). 


°F 


Pure aluminum r 


1200 


Electrical conductor , 


D 
1100, 3003, Cast 406, 
Brazing sheets No. 11, 
No. 12, No. 100 


Minimum temperatures for 
filler metal flow with 
various brazing alloys 


6951, 6063, Brazing 
sheets No. 21, No. 22, 1150 
No. 23, No. 24 [x 4043 


Cast C612 PR No. 713 


6061, 6062 ER 


6053 : 
= 1100 


Cast A612 


No. 714 


Cast 43 » No. 716, No. 718 


1050 
Maximum temperatures 
for various parent-metal 


aluminum alloys No. 719 


in the powder form, It can be applied 
as a powder, a paste, or a liquid. As 
for all fluxes, these fluxes must be 


clean. Some of the manufacturers have 


Fig. 16-26. A 15x microphotograph of an aluminum 
brazed T-joint. Note that little or no parent metal 
has melted. 


developed special fluxes for aluminum 
brazing and braze welding which pro- 
duce excellent results, A small addition 
of alkali bifluorides appearstoimprove 
flux for aluminum brazing. Most com- 
mercial aluminum brazing fluxes in- 
clude this ingredient, 


16-16. PROCEDURES FOR BRAZING 
AND BRAZE WELDING WITH 
ALUMINUM ALLOYS 


Aluminum alloys can be brazed or 
braze welded using a number of the 
methods of heating. Dip brazing and 
furnace brazing are used when enough 
production warrants the cost. The car- 
bon arc, electric resistance, block 
brazing, and flow brazing methods are 
not used for aluminum brazing. 


Fig. 16-25. A temperature scale comparing the melting tem- 
peratures for various aluminum alloys with the melting tem- 
peratures of various aluminum brazing filler metal alloys. 


Practically all of the common joints 
have been successfully brazed or braze 
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Fig. 16-27. Typical aluminum brazed or braze welded joint designs. 
(Aluminum Co. of America) 
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welded. Figs. 16-27, 16-28, and 16-29 
show typical examples, 

In the torch method of aluminum 
brazing and braze welding, both the oxy- 
hydrogen and the oxyacetylene flames 


2. Apply a fresh, chemically clean 
flux, specially compounded for alumin- 
um brazing or braze welding, along the 
joint and on the brazing rod (flux may 
be in either powder or paste form). 
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Fig. 16-28. Typical aluminum brazed or braze 
welded joints designed for use on containers. 


may be used, In either case, a reducing 
flame with a 1 to 2-in, intermediate 
cone should be used, The following pro- 
cedure produces good results: 

1. Clean and degrease the surface. 
Braze or braze weldthe joint as quickly 
as possible after cleaning the metal, 
while the surface is free of oxides, 


3, Heat the joint and as the flux chem- 
icals turn liquid, start to apply the 
brazing rod, The rod will melt and flow 
into the joint and through the crevices 
to produce a neat brazed or braze weld- 
ed joint. Hold the torch so the inner 
flame cone is 1 to 2 in. away from the 
joint. 
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Fig. 16-29. Aluminum sheet and tube joints which have been designed for brazing. 


4, Cool the finished braze or braze 
welded joint, Do not disturb the parts 
until the temperature has dropped to 
below 900 deg. F. 

5. Clean the flux from the joint. Use 
hot water, then a concentrated nitric 
acid solution. After this, wash again in 
boiling water, Any flux left onthe metal 
will seriously corrode it, 

DANGER - THE HANDLING AND 
USE OF THESE ACIDS SHOULD ONLY 
BE UNDERTAKEN BY AN EXPER- 
IENCED PERSON WHO HAS BEEN 
GIVEN THOROUGH TRAINING IN THE 
USE OF DANGEROUS ACIDS. 


The finished weld should show 100 
percent adhesion andthe surface should 
be smooth and clean, The brazing filler 
metal should penetrate, with good ad- 
hesion, the full thickness of the joint, 


16-17. BRAZING AND BRAZE 
WELDING MAGNESIUM 
ALLOYS 


Successful brazing filler metal alloys 
have been developed for brazing and 
braze welding magnesium, as shown in 
Fig. 16-30. Fluxes for brazing and 
braze welding with magnesium alloys 
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are usually made of chlorides and fluo- 
rides. The flux is normally a powder 
but is generally used as a paste or in 


electric resistance method. However, 
the torch, furnace and dip bath methods 
are the most popular. 


FILLER METAL COMPOSITION TEMPERATURE 
CLASSIFICATION Mg Al Zn MELT FLOW BRAZING TEMPERATURE 
BMg 89 9 2 770 1110 1120-1160 
AZ92A 89 9 2 830 1110 1130-1160 
AZ125X 83 12 9 770 1050 1080-1130 


Fig. 16-30. Table of magnesium brazing filler metal alloy properties. 


dip bath form. A brazed magnesium 
T-joint is shown in Fig. 16-31. 

Brazing of magnesium alloys can be 
done with the source of heat being: 

1. Torch. 

2. Furnace. A beryllium addition to 
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Fig. 16-31. A magnesium brazed joint. The sample 
has been etched; the macrophotograph is 8x. 
(Dow Metal Products Co.) 


the brazing alloy is needed when fur- 
nace brazing magnesium to prevent 
ignition of the metal. 

3. Dip Bath, Examples of dip bath 
brazed magnesium assemblies are 
shown in Fig. 16-32. 

The methods listed in PAR. 16-5 have 
been successfully used for brazing and 
braze welding magnesium except the 


Heating must be very carefully con- 
trolled, The brazing temperature is be- 
tween 1080 and 1160 deg. F, The melt- 
ing temperature of one ofthe base met- 
als is 1200 deg. F. Other base metals 
which may be brazed or braze welded 
melt at 1050 and 1160 deg. F. 

To obtain a good brazed or braze 
welded joint: 

1. Clean the metal thoroughly (both 
the base metal and the brazing rod). 

A. Clean mechanically--use clean 
tools and materials. 

B. Clean with acid by dipping parts 
for two minutes in a room tem- 
perature bath (24 oz. chromic 
acid, 5-1/3 oz. ferric nitrate, 
and .47 oz. potassium fluoride, 
plus enough water to make one 
gallon). Then rinse in running 
water, Finish with hot water 
rinse to aid in drying. This op- 
eration should be performed 
only by a well trained, exper- 
ienced person, 

2. Apply paste flux to the surfaces to 
be joined, and to the brazing rod, 

3. Parts to be brazed should have a 
.004-,010-in. clearance at the joint. 
Parts to be brazed or braze welded 
should be firmly supported until they 
cool. 

4. Adjust the oxyacetylene or air- 
acetylene torch to a neutral flame. 

5. Heat the joint evenly (same tech- 
nique as for aluminum brazing). 
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Fig. 16-32. Some typical magnesium struc- 
tures as brazed by the flux dip brazing method. 


6, Apply the brazing rod at the cor- 
rect time. Flux behavior gives the best 
signal, Watch closely for full brazing 
filler metal flow, 

7, Allow to cooltoa solid state before 
moving the assembly out ofits supports. 

It is very important that the flux be 
completely removed. Hot water and 
scrubbing are popular methods. 

A good quality magnesium brazed 
joint is shown in Fig. 16-33. 


Fig. 16-33. A microphotograph of a magnesium brazed 

inside corner joint (65x). Note how the brazing alloy 

has penetrated the grain boundaries of the 
parent metal. 


16-18. BRAZING AND BRAZE 
WELDING CAST AND 
MALLEABLE IRON 


Cast iron can be braze welded quite 
satisfactorily. The cast iron surface 
should be processed much the same as 
for welding, except that the surface 
should not be ground, Instead, it should 
be filed or machined, Grinding smears 
the graphite particles over the grains 
of iron and results inpoor adhesion be- 
tween the braze filler metal and the 
iron. There are special cleaning pro- 
cesses for cast iron which make it pos- 
sible to braze cast iron parts with ex- 
cellent results, See Fig. 16-34. The 
brazed cast iron joint may be reinforced 
the same as for cast iron welding, as 
described inCHAPTER 18, For best re- 
sults preheat the casting to a temper- 
ture between 400 and 600 deg. F. Cast 
iron brazing flux must be used, Brazing 
rod for cast iron braze welding should 
be ahightemperature rod (melting tem- 
perature approximately 1700 deg. F.). 
Such rods are brass, usually high in 
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copper content with some nickel added. 
Nickel has the property of making the 
joint metal adhere better to the iron, 
The high temperature usedalsoassists 
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Fig. 16-34. A microphotograph of steel being joined 

to cast iron by the silver brazing process. The cast 

iron was cleaned by a special process prior to the 
brazing operation. (Kolene Corp.) 


in removing the graphite from the joint 
and helps the brazing filler metal ad- 
here to the base metal, Fig. 16-35, 
shows a braze welding operation on a 
V-groove butt joint on cast iron. In 
braze welding cast iron, a tip which 
wil give a high heat output with low 
fuel gas pressures (high heat soft flame) 
should be used. A high velocity flame 


(small tip, high pressure) tends toblow 
the flux away from the joint, anda poor 
braze weld will result. 

Welding of malleable iron is not rec- 
ommended, Braze welding is the only 
satisfactory repair for broken malle- 
able castings. The procedure forbraze 
welding malleable castings is the same 
as for braze welding cast iron, except 
that no preheating is necessary. For 
both cast iron and malleable iron the 
braze welded joint should be cooled 
slowly by placing it in a box filled with 
sand or powdered asbestos. The slow 
cooling will eliminate the formation of 
white cast iron whichis hard and brittle. 


16-19. CONTROLLED ATMOSPHERE 
FURNACE 


A method of fabricating articles, and 
one that has become very popular inthe 
last few years for the fabrication of 
small articles, is the controlled atmo- 
sphere brazing furnace. The method 
originated in 1907, but only recently 
has it become very popular. It consists 
of a typical furnace, usually heated on 
the inside by electricalresistance coils 
or partly combusted fuel gases. The in- 
side of the furnace is usually kept as 
nearly gas-tight as possible, and little 
or no air is allowed to enter. Instead, 
the gas fed into the furnace is a low 
pressure mixture of air and fuel gas. 
Sufficient temperature is maintained 
inside the furnace to melt copper, 
brass, bronze, and silver alloys with- 
out melting the iron and steel, Recent 
developments in aluminum alloys en- 
able the brazing of aluminum and its 
alloys in the reducing atmosphere hor 
nace. The operation of the furnace is 
as follows: 

If two articles such as the two ends 
of a small steel cylinder are to be fas- 
tened together, they are first cleaned 
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and then assembled in their final form 
with a small wire of the alloy, whichis 
used to join them, placed inside the 
assembled joint. The assembly is then 
placed in the controlled atmosphere 
furnace, 

Upon being subjected tothe hightem- 


Ex 


burned fuel gases eliminates any oxi- 
dation of the metals during the brazing 
operation, 

Furnaces which are filled with an 
inert gas have also been used for braz- 
ing operations, Brazing has also been 
done in vacuum furnaces, 


2 pe 3 


Fig. 16-35. A schematic showing the braze welding of cast iron. The backhand 
method is being used on this joint. 


perature in the reducing atmosphere 
furnace, the brazing filler metal wire 
melts and joins the two surfaces to- 
gether tightly. The article is then re- 
moved from the furnace and cooled 
slowly in a neutral atmosphere. When 
finished, the joint is approximately as 
strong as a weld, The method is well 
adapted to production work, as it in- 
sures a high quality joint, and the re- 
ducing atmosphere in the furnace 
simultaneously cleans the complete 
article, eliminating one manufacturing 
step. The reducing atmosphere of partly 


16-20. HEAT RESISTANT 
BRAZED JOINTS 


There are several brazing applica- 
tions in situations where the brazed 
joint must retain most of its physical 
properties, when exposed to relatively 
high temperatures (2000 deg. F.). These 
special brazing filler metalalloys must 
also have good corrosion resistance. 

These alloys are usually made of 
either a nickel-chromium alloy or a 
silver-manganese alloy, as shown in 
Figs 16596, 
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The nickel-chromium alloy has good 
corrosion resistance. It is used on jet 


3. When acids are used, these acids 
should be handled only by persons thor- 


engine blade joints, on stainless steel oughly trained for this type work. 


FILLER METAL 


COMPOSITION TEMPERATURE 
CLASSIFICATION Ni Cr Fe Si € B Ag Mn MELT FLOW BRAZING 
BNiCR 70 16 d x 3 4 1850 1950 2000-2150 
BAgMn 85 is 1760 1780 1780-2100 


* The total of these three elements is approximately 10 percent maximum. 
Fig. 16-36. A table of brazing filler metals intended for use in high temperature 


and/or corrosive conditions. In the American Welding Society Classification BNCr 
and BAgMn the B means brazing; N-Nickel; Cr-Chromium; Ag-Silver; Mn-Manganese. 


joints, and on low carbon steel joints. 
The brazing is usually done in a fur- 
nace, 

The silver-manganese brazing filler 
metal is used mainly for joining stain- 
less steel and high nickel alloys. This 
alloy is also usually applied ina fur- 
nace, 


16-21. REVIEW OF BRAZING 
AND BRAZE WELDING 
SAFETY PRACTICES 


Brazing and braze welding opera- 
tions are safe to perform if reasonable 
safety precautions are carefully fol- 
lowed. The normal precautions as ex- 
plained in previous chapters about the 
safe use of gas welding and arc weld- 
ing equipment, must also be followed 
when brazing or braze welding. 

The special precautions which are 
needed when brazing or braze welding 
are: 

1. Ventilation must be excellent to 
eliminate the health hazards which are 
presented by toxic metal and flux fumes 
so often present when brazing or braze 
welding. 

2. Many of the fluxes used are harm- 
ful to the skin and care should be taken 
in handling them so that no direct con- 
tact is made. If the fluxes do come into 
contact with the skin, the skin should 
be washed thoroughly by soap and water. 


4. Some brazing filler metal alloys 
contain cadmium. When molten, and 
especially if overheated, these alloys 
emit cadmium oxide fumes to the at- 
mosphere. Cadmium oxide fumes are 
very dangerous if inhaled, The limit 
value for cadmium oxide fumes is 0.1 
milligrams per cubic meter of air for 
daily eight-hour exposures, This value 
represents the maximum tolerance 
under which workers may be exposed 
without adverse effects. 

Cadmium fumes have no odor, and a 
lethal dose need not be sufficiently 
irritating to cause discomfort until 
after the worker has absorbed suffi- 
cient quantities to be in immediate 
danger of his life. Symptoms of head- 
ache, fever, irritation of the throat, 
vomiting, nausea, chills, weakness, and 
diarrhea generally may not appear until 
some hours after exposure. The Dri 
mary injury is to the respiratory 
passages. 

Most states have industrial hygiene 
personnel, usually in the health de- 
partment or in the department of labor. 
If there is any question concerning 
the amount of cadmium oxide fumes 
in the work area, the industrial hygiene 
department should be asked to take air 
samples in the work area and evaluate 
the concentrations of cadmium oxide 
fumes present. Recommendations may 
then be made to correct situations that 
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are potentially hazardous, 

Eating or storing of lunches should 
not be permitted in the work area, and 
workers should wash both hands and 
faces before eating, smoking, or leav- 
ing from work. Workers brazing with 
cadmium-bearing alloys should be made 
aware ofthe hazard involved and trained 
to take precautionary measures rela- 
tive to the environment of the particu- 
lar job. 

Alloys free of cadmium are available 
and should be used wherever possible. 
Workers should be trained to recognize 
the brazing alloys which contain 
cadmium, 

An increase in temperature over the 


molten state accelerates the quantity 
of the fumes produced. For this reason, 
the use of an oxyacetylene flame as the 
heating source, due to its higher tem- 
peratures, may produce higher concen- 
trations of cadmium oxide fumes than 
will the flames produced by air-acety- 
lene, air-natural gas, or oxygen LP gas. 

Obviously, it is of great importance 
that the work space used in brazing 
operations be thoroughly ventilated. 

5. Another brazing operation which 
must be handled carefully is the braz- 
ing of beryllium, Oxides from this metal 
are also very dangerous if inhaled. 
Thorough ventilation is a must when 
heating and working with this metal, 


16-22, TEST YOUR KNOWLEDGE 


1. What is brazing? 

2. Explain the difference between 
brazing and braze welding. 

3. List the main constituents of brass. 

4. What are some of the chemicals 
used in copper alloy brazing fluxes? 

5. Name the constituents of a typical 
45 percent silver brazing alloy. 

6. Why is silver brazing used so ex- 
tensively for fabricating stainless steel 
food and liquid containers? 

7. What is meant by C.P.? 

8. To what temperature must steel be 
heated when it is being copper alloy 
brazed? 

9, Name one typical application for 
each of the following: copper alloy 
brazing, silver brazing, and aluminum 
brazing. 

10. What mightcauseacoppery appear- 
ance in some brazed joints ? 

11. What should be the appearance of 
the flux before the operator adds braz- 


ing rod during a silver brazing oper- 
ation? 

12. IS it possible to make a silver 
brazed joint for the same cost as a 
welded joint? Explain. 

13. What is the most popular brazing 
filler metal alloy used when brazing 
copper? 

14. What is the flow temperature ofthe 
BALSi-2 aluminum brazing alloy? 

15. What are the constituents of mag- 
nesium brazing filler metal alloy? 

16, Why must there. be clearance be- 
tween the faces of the metals to be 
brazed together? 

17. Why should the metals being joined 
be firmly mounted? 

18. Name one heat resistant brazing 
filler metal alloy. 

19. How do the graphite flakes in gray 
cast iron affect the adhesion? 

20. Why must heating be carefully con- 
trolled when brazing magnesium? 
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SPECIAL 
WELDING PROCESSES 


The general classification of weld- 
ing includes various methods that have 
been developed for fusing metals to- 
gether. Some of these methods are 
highly specialized. Some are patented, 
and these may be used only with the 
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adjacent surfaces and produce inter- 
mingling of the molecules (cohesion) 
is a welding process. Many other pro- 
cesses have been developed, Some are 
difficult to relate to the three main 
methods. These special processes dif- 
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Fig. 17-1. Diagrammatic view of a submerged arc weld in progress. (Linde Co.) 


permission ofthe patent owners. Others 
are special developments of gas flame 
welding, arc welding, resistance weld- 
ing, and combinations of these methods, 


17-1. SPECIAL WELDING 
PROCESSES 


The three main types of welding are 
gas welding, arc welding, and resist- 
ance welding. Eachofthese three meth- 
ods have several related processes. 
However, any method that can melt 


17-1 


fer mainly in the method used to agitate 
the metal molecules so they will mix. 
Some of the processes which may be 
considered special are: 

ARC RELATED PROCESSES 
Submerged Arc Welding 
Electroslag and Electrogas 
Stud Welding 
Arc Spot Welding 
Metal Arc Underwater Welding 
Underwater Shield Metal Arc Weld- 

ing 
Atomic- Hydrogen Welding 
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Plasma Arc Welding 
GAS RELATED PROCESS 
Self-Generating Oxyhydrogen Weld- 
ing 
OTHERS 
Thermit Welding 
Procedures for Thermit Welding 
Forge Welding (BlacksmithWelding) 
Cold Welding 
Ultrasonic Welding 
Electron Beam Welding 
Friction Welding 
Explosive Welding 
Laser Welding 


17-2. SUBMERGED ARC WELDING 


Submerged arc welding is a welding 
process that has grown rapidly in pop- 
ularity. It has some outstanding advan- 


Fig. 17-2. Submerged arc welding outfit. 


tages. It is very fast, There is no vis- 
ible arc, no splatter; and the welds are 
of high quality, see bue IY= 

The method involves striking the arc 
between a consumable electrode and the 


joint while the arc is buried in a gran- 
ular flux (suchas titanium oxide- 
silicate). 

Some of the submerged arc machines 
are able to produce single pass welds 
for butt joints up to 3 in. in thickness, 
plug welds up to 1-1/2 in. inthickness, 
and fillet welds with up to 3/8 in. 

Electrodes up to 1/2-in. diameter 
may be used. The current may be as 
high as 4000 amps, and it may be 
either AC or DC. A typical submerged 
arc welding machine as shown in Fig. 
17-2, has a power operated carriage 
with a universal variable speed motor 
to control the travel rate from 7 to 
210 in, per minute. A hopper feeds the 
granular flux to the joint just ahead of 
the arc. As the arc is struck and the 
bead is formed, the heat generated 
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(Hobart Bros. Co.) 


melts the adjacent flux granules, anda 
portion of the flux fuses and covers the 
weld with an airtight slag that protects 
the weld until it cools, This slag may 
be readily removed. The unused gran- 
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WELDING 
MACHINE 


Fig. 17-3. Machine for recovering unused 
flux from a submerged arc welding machine. 
(Invincible Vacuum Cleaner Mfg. Co.) 


ules can be used again. Special equip- 
ment is used on some applications to 
pick up the unused flux and to feed it 
back into the hopper, Fig. 17-3. 

Since the arc is submerged and there- 
fore not visible to the operator, the 
correct setting is indicated by ammeter 
reading, and the correct arc length is 
indicated by voltmeter reading. The 
position of the arc is important, and a 
guide light shown in Fig. 17-4, has 
been developed which helps the opera- 
tor align the arc to the groove. 

This method is excellent for pro- 
duction jobs, which require welds on 
heavy materials, The carriage may be 
used on a standard track, a template 
track, or the metal being welded may 
be mounted on a carriage. 

The electrode is usually furnishedin 
coils, A variable-speed electric motor 
controls the electrode feed. The con- 
trols for the process are mounted on 
the machine. Only a few adjustments 
are required on the machine to handle 


a variety of jobs. 
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Fig. 17-4. A submerged arc operation guide light is 
mounted in line with the electrode and the line of the 
carriage or work movement, to help the operator de- 
termine if the submerged arc is centered in the weld 


groove. (Jimmie Jones Co.) 
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Fig. 17-5. A semiautomatic submerged arc welding station. (Hobart Bros. Co.) 
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Submerged arc welding may also be 
done manually. See Fig. 17-5. Note 
the small hopper for granular flux 
built into the electrode holder. A com- 
bination electrode feed wire and cable 
is attached to the electrode holder. The 
operator guides the electrode holder 
and is able to make fast welds on either 
straight or irregular joints. 

Submerged arc welding may be done 
with more than one metal electrode. 
The use of more than one metal elec- 
trode may be desirable when the fin- 
ished weld must be wide, or higher 
welding speeds are desired. See Fig. 
17-6 for schematic drawings of three 
different methods of multiple electrode 
welding. 

It has been found that when welding 
a horizontal joint the most practical 
position for the electrode is the 2 to 3 
o'clock position, Many industrially 
made parts are weldedin fixtures which 
will allow the electrode to weld in the 
3 o'clock position for greatest weld 
efficiency, shown in Fig. 17-7. 

See Fig. 17-8, for a comparison of 
weld metal deposition rates using sin- 
gle and multiple electrode machines. 


Fig. 17-6. Three different ways to use multiple elec- 
trodes in submerged arc welding. 
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Fig. 17-7. Several applications of the ''3 o'clock"' 
welding position for submerged arc welding, 
(Lincoln Electric Co.) 
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Fig. 17-8. A comparison of weld deposition rates for single and multiple elec- 
trode submerged arc welding. 
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17-3. ELECTROSLAG AND 
ELECTROGAS WELDING 


A method has been developed (Elec- 
troslag) to weld seams of very thick 
sections or joints. The process elim- 


Flux Hopper A 


Molten Slag 
Molten Weld Metal 


Water System 


Work | 


one pass. Butt joints, T-joints, Cor- 
ner joints, and most other joints can 
be made with this process. 

In this process there is no arc as 
the resistance to electrical flow through 
the flux creates the heat necessary to 


4 Vertical 
Drive 


Fig. 17-9. Electroslag welding operation showing the flux hopper, electrode wire 
feed, shoes, and the rail on which everything moves as it moves up the weld joint. 


(Arcos Corp.) 


inates the need for multiple passes and 
for bevel, V, U, or J grooves, 

The process consists of putting the 
joint in a vertical position, using one 
to three electrodes, shoes (molds) on 
each face of the plates, and powdered 
flux, As the weld is made the molds 
move up with the welding head. Fig. 
17-9, shows an electroslag weld in 
progress, The weld is completed in 


melt the metal The electrodes used 
are either solid wire orfluxcored, The 
process is fast and requires no edge 
preparation of the metal, More than one 
electrode may be used. This permits a 
thick joint to be welded faster. Figs. 
17-10, 17-11, and 17-12 show the elec- 
troslag process as it is used to weld 
a thick-walled pipe joint. 

The extreme heat produced by the 
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Fig. 17-10. A three-wire electroslag welding operation shown diagrammatically. The molten slag 
floats above the weld metal and helps prevent oxidation. 
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Fig. 17-11. The electroslag 
welding station for three elec- 
trode feed. Notice the water- 
cooled shoes and the fact that 
each of the wire feed mecha- 
nisms has its own drive motor. 
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Fig. 17-12. The use of the electroslag process for welding butt joints in cylindrical objects. In 
this case two consumable wire guides are used at the beginning of the weld. 


molten slag and metal in the weld arc the original joint gap as shown in Fig, 


causes the base metaltomeltawayfrom 17-13. 
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Fig. 17-13. A macrograph (1.5x) of a manganese-mo- 

lybdenum steel joint welded by the electroslag proc- 

ess. Note the way the base metal melts away from 
the edges of the original joint gap. 
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The process of electrogas weldingis 
similar to the electroslag process, 
except in this process an inert gas is 
used for shielding. Flux cored wire is 
automatically fed to the molten weld 
pocket. An electric arc is continuously 
maintained between the electrode and 
the weld puddle. Fig. 17-14, illustrates 
a typical setup for electrogas welding. 


17-4. STUD WELDING 


Stud welding is a special welding 
development that quickly and efficiently 
welds studs and other fastening devices 
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Fig. 17-14. Schematic drawing of an electrogas weld in progress. The shoes are water-cooled and 
are moved up as the weld proceeds. A shielding gas protects the molten weld metal fram oxidation. 
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to plates and other surfaces. The pro- 
cess permits fastening an assembly 
device to a structure, and fastening 
different parts to this structure without 
piercing the metal, Fig. 17-15, 
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Fig. 17-15. Stud welded to a steel plate. Note the 
depth of fusion in this application as shown in the 
stud which has been sectioned. (Gregory) 


Stud welding eliminates drilling or 
punching holes in the main structure 
and saves the work of mechanically 
fastening an object to the main struc- 
ture, using bolts, rivets,or screws. 
Fig. 17-16, illustrates the process of 
stud welding. 

A special collet on the gun holds the 
stud (1), and an arc is struck between 
the stud and the main plate (2). At the 
end of an automatically timed interval, 
the molten end is forced against the 
molten metal pool in the plate (3). A 
ceramic ferrule or collar around the 
stud holds the molten metal in place 
and helps form a good fillet, The flux 
on the end of the stud aids the arc con- 
trol, and enables the operator to make 
stud welds in any position. By using 
appropriate jigs and fixtures, the studs 
can be placed to an accuracy tolerance 
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Fluxed end of stud is placed 
in contact with work. 


Stud is automatically retracted 
to produce an arc. 


Stud is plunged into pool 
of molten metal. 


Operation completed — stud 
is welded to work. 


Fig. 17-16. Steps required in the operation of 
(Nelson) 


stud welding. 
as low as .005 in. both as to position 
and height (4), The equipment required 
in a complete stud welding station is 
shown in Fig.17-17, Fig. 17-18 shows 
the details of a stud welding gun. 

Fig. 17-19 shows a stud being welded 
to a cover plate, 

Aluminum as well as steel, can be 
welded using the stud welding process. 
In aluminum welding, an inert gas is 
fed into the chamber formed by the fer- 
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Fig. 17-17. Schematic drawing of 
a complete stud welding station. 
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Fig. 17-18. Cross section of a stud welder gun. 
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(Gregory Industries, Inc.) 
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Fig. 17-19. Stud being welded to a plate. 


rule, the stud and the base metal, Fig. 
17-20 illustrates the operations re- 
quired when stud welding on an alumi- 


num plate. The gun is similar to the 
regular gun except an inert gas feed 
is built into the gun as shown in Fig. 
17-21. 

The stud welding gun operates in the 
following manner, The stud is loaded 
into the collet and spring pressure from 
the gun holds it in place against the 
work, When the operating trigger is 
depressed, current flows through the 
solenoid and through the secondary 
welding circuit to the stud, The sole- 
noid overcomes the spring tension in 
the gun and pulls the stud away from 
the work a preset distance, As the stud 
is pulled away from the work an arc 
is struck between the stud and the base 
metal. The weld current and solenoid 
current are interrupted by the welding 
timer after a preset time, and the 
springs in the gun force the molten 
stud end into the molten pool in the 
base metal and hold it there until fusion 
takes place, 


17-5. STUD WELDING EQUIPMENT 


Stud welding equipment consists of: 
1. Power source. 

2. Cables, 

s Gun. 

4. Studs. 
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Fig. 17-20. Operations required when welding a stud to an aluminum plate. 
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Fig. 17-21. Stud welding gun used for welding on aluminum. The weld area is 
shielded by inert gas fed into a chamber around the stud. 
(Nelson Industries, Inc.) 


ll 


The power source isa weldingtrans- 
former adapted to stud welding use, The 
cables are made in the same manner as 
standard welding cables. The gun is of 
a design that ensures correct align- 
ment, and has the following main parts: 
device to hold stud, trigger to start 
current flow, and timing device that 
withdraws the stud at the proper time 
to create the arc, move the stud to the 
correct position, and hold it until the 
metals cool to the solid state. 

The studs are available in a variety 
of shapes, as may be seen in Fig. 17-22. 
Some are designed for threading, some 
for riveting, and some operate as nails. 


17-6. ARC SPOT WELDING 


The metallic arc welding process 
may be used to produce welds between 
two sheets of metal or between a sheet 
of metal and a plate or structural metal 
member. 

The process consists of striking an 
arc, holding this arc in one place until 
the top sheet of metal melts through 


E 
= 
a 


Fig. 17-22. A variety of studs and fastening devices 
designed for stud welding. (Omark Industries) 
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and fuses with a molten portion of the 
sheet or structural member under- 
neath, This process is also described 
in CHAPTER 11. 

The arc time is usually automatically 
controlled, The electrode is usually 
tungsten, The electrode holder usually 
has an insulator which properly spaces 
the tungsten electrode from the metal, 
A trigger moves the electrode upto the 
sheet metal. When the electrode is with- 
drawn, the arc is created andthe timer 
is started, 

The process is also known as button 
welding. It is used extensively for auto- 
mobile body assembly, and for assem- 
bling sheet metal to structural steel. 


17-7. UNDERWATER SHIELDED 
METAL-ARC WELDING 


Metal-are underwater welding is 
done under water using a well-insulated 
electrode holder and special covered 
electrodes, Fig. 17-23. 


Fig. 17-23. Underwater welding electrode holder. 
Note that the holder is well-insulated with mo bare 
metal areas exposed. (Craftsweld Equipment Corp.) 


The electrode covering is protected 
from damage by the water by special 
waterproof outer coatings. About 10 
percent higher current setting is used 
for welding under water than is used 
when welding the same object in air. 
Because of the problem of rapid heat 
loss in water, stringer beads shouldbe 
used rather than wide weaving beads. 
Also, a close arc and DCSP is recom- 
mended, 


Due tothe poor visibility under water, 
a 44-48 welding lens is recommended 
for use on the mask or helmet, When 
the welder is wearing the metal helmet 
for deep dives he must be careful not 
to ground the helmet to any part of the 
welding circuit, 

It is recommended that a telephone 
communication system be used and 
that the arc welding current be turned 
on from above water only after re- 
ceiving the diver's orders when he is 
actually welding. 

In underwater welding, fillet welds 
are recommended, When properly made 
such welds will develop approximately 
80 percent of the tensile strength and 
50 percent of the ductility of similar 
welds made above water. One should 
take extensive diving and weldingtrain- 
ing before attempting metal-arc under- 
water welding for safety, andto acquire 
the necessary skills. 


17-8. ATOMIC HYDROGEN WELDING 


The atomic hydrogen process is a 
unique method of welding, which com- 
bines gas welding with electric arc 
welding. A special electrode holder 
is used having two tungsten electrodes 
and a hydrogen gas outlet, as shown 
in Fig. 17-24, An electric arc is passed 
between the two electrodes, at the same 
time that a stream of hydrogen gas is 
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Fig. 17-24. Atomic hydrogen electrode holder. 
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fillet on a T-Joint. Note the protective gases around the arc. The welding 
is being done with the flux-cored welding wire arc welding process. 
(Lincoln Electric Co.) 
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Fig. 17-25. Atomic hydrogen welding outfit. 
(General Electric Co.) 


ejected from the hydrogen nozzle and 
directed between the two electrodes. 
The electric arc breaks down the mo- 
lecular hydrogen into atomic hydrogen. 
When the electrodes are held near the 
base metal, the atomic hydrogen stream 
contacts or impinges upon the metal to 
be welded. In touching the relatively 
cold metal, the atomic hydrogen re- 
combines into molecular hydrogen, lib- 
erating considerable heat. This heat 
melts the metals to be welded and 
creates a molten puddle into which 
welding rods may be added, 

Usually AC current is used, which, 
instead of passing through the metal 
being welded, passes from one tungsten 
electrode to another, The temperature 
produced is approximately 7500 deg. F. 
The molecular hydrogen as it blankets 
the metal, also prevents oxidation asit 
forms steam vapor when it combines 
with the oxygen in the air, 

The method has two outstanding ad- 
vantages: 

1. The arc and, therefore, the amount 
of heat liberated are consistent at all 


times, regardless of the work being 
welded, 

2. The hydrogen provides a reducing 
gas atmosphere under which the fusion 
takes place. This eliminates any oxi- 
dation (burning) of the weld metal, pro- 
ducing greater density and more duc- 
tility. 

The operator uses a rod to supply 
any additional metal needed, The heat 
input, atomic hydrogen stream, and 
inert atmosphere are easily controlled, 
thus allowing this process to be used 
for welding applications such as tool and 
die repair where alloy control and heat 
input are important. 


17-9. ATOMIC HYDROGEN 
WELDING EQUIPMENT 


Equipment used in the atomic hydro- 
gen welding may be divided into three 
sections: 

1. Electrical and the gas supply. 

2. Electrode holder. 

3. Operator's equipment. 

The electrical supply is usually 
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alternating current. It is transformed 
from higher voltage down to a voltage 
considered safe to be handled by the 
operator. The transformer used for 
this purpose is usually a constant po- 
tential type; that is, the voltage used at 
the holder is kept constant. The amper- 
age is varied by means of an adjust- 
ment mounted on the transformer body. 
The transformer proper is usually air 
cooled, 

The hydrogen is furnished in 200 cu. 
ft. cylinders under a pressure of 
approx. 2,000 psig. A regulator is used 
to reduce this pressure to 2 or 3 lbs. 
per sq. in. at the electrode holder. 

The electrode holder is equipped with 
two tungsten electrodes. The electrode 
ends form a gap just beyond the hydro- 
gen orifice, The arc is obtained by 
touching the tungsten electrode ends 
and then separating them the correct 
distance as shown in Fig. 17-25. The 
operator's equipment is standard and 
similar to that which the usual arc 
welder uses. 


"TRANSFERRED" 


ww 
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Fig. 17-26. Schematic drawing of two types of plasma 

arc welding torches. Left. No electrical flow in the 

plasma stream between the torch and the work. Right. 

An electrical potential between the electrode and 
the work. 


The head shield lens used is usually 
a shade or two darker because the arc 
is not shielded by flux vapors. 


17-10. PLASMA ARC WELDING 


The term plasma as used in physics 
means a stream of ionized particles. 
When a person sees a streak of light- 
ning in the sky he is actually seeing 
the gases of the atmosphere ionized 
and heated to incandescence. The elec- 
tric arc is capable of ionizing both 
solids and gases. Substances are usual- 
ly thought of as existing in three states 
either as solids, liquids or gases. Ion- 
ized substances are sometimes thought 
of as being in the fourth state of matter, 

Plasma arc cutting originatedin 1955 
as an aluminum cutting process. Sur- 
facing with plasma arc was used in 
1960, and finally successful welds were 
made in 1963. 


The plasma torch provides an elec- 
tric arc between a tungsten electrode 
and a  water-cooled copper nozzle. 
Gases such as helium or hydrogen are 
forced thru the arc and nozzle with the 
result that they are heated and become 
ionized and the stream from the nozzle 
is therefore a plasma stream of ion- 
ized particles. 

This plasma torch may be used for 
both welding and cutting. A schematic 
of such a torch is shown in Fig. 17-26. 
Note that the tungsten electrode is neg- 
ative (cathode) and the torch housing is 
positive (anode) DCSP. Two types of 
plasma torches are in general use: 

1. Transferred arc torch. 

2. Nontransferred arc torch, 

The transferred arc type electrical 
connections are used for welding and 
cutting while the nontransferred arc 
process is used for plating applications 
(metals, ceramics, and some plastics). 
Fig. 17-27 shows a weld being made on 
stainless steel using a plasma arc 
torch. Note that DCSP is used. The 
temperature of the plasma ranges from 
6,000 deg. F. to 100,000 deg. F. 
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Fig. 17-27. Plasma torch (nontransferred arc) being 
used to weld a stainless steel joint. Notice how the 
welding wire is fed into the molten puddle. 
(Linde Co.) 


Advantages of this system are that 
it has the directional control of a gas 
flame, a gas shield at the metal sur- 
face, along with the high temperature 
of the electric arc. 

This torch can use almost any gas, 
for example air, argon, helium, hydro- 
gen, nitrogen, or most any gas mix- 
ture, Most popular for cutting gases 
are argon-hydrogen, nitrogen-hydro- 
gen. The hydrogen content varies be- 
tween 10 and 35 percent. Argon may be 
used as a "backing bar" gas (root gas). 

In plasma arc welding, the torch 
flame gives off a very penetrating and 
disturbing whine and ear muffs are 
needed to reduce the discomfort when 
working with or around the plasma arc. 

The plasma arc voltage 3s usually 
between 27 and 31 volts when welding. 
The following table shows typical cur- 
rent and gas settings: 


ARGON 
THICKNESS AMPERES TORCH SPEED CU.FT./HR. 
1/8 in. 125-160 10 ipm 45 
1/4 in. 185-210 15 ipm 68 
3/8 in. 210—250 18 ipm 80 


The torch is held almost vertical to 
the base metal surface when welding. 

Because the ion impingement has the 
ability to remove oxide films from the 
base metal surface, plasma arc weld- 
ing of aluminum and other space-age 
metals is very practical. Direct cur- 
rent pulses from 6 to 60 cycles per 
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Fig. 17-27A. A partially completed plasma arc weld 

showing the ‘‘keyhole’’ at the leading edge of the 

puddle. The size of the keyhole indicates the amount 
of penetration. 


second have been used with good suc- 
cess. The slower pulses seem to aid 
metal control in the puddle. In some 
situations when the metal being welded 
has a tendency to oxidize (aluminum, 
etc.) rapidly, the plasma torch is first 
passed quickly along the joint using 
DCRP to clean the metal (cathode 
cleaning) without fusing the metal, then 
the joint is welded immediately. 

A plasma torch gives the best re- 
sults when operated automatically. 

The plasma arc has a tendency to 
produce enlarge root openings at the 
leading edge of the puddle (keyhole). 
Too much plasma jet action causes 
oversize keyholes, and the current and 
gas flow must be reduced to prevent 
this action. See Fig. 17-27A, 


17-11. SELF- GENERATING 
OXYHYDROGEN GAS 
WELDING 


The production of oxygen gas and 
hydrogen gas by the electrolysis of 
water has been done for many years. 
The burning of hydrogen in air or in 
pure oxygen has been used as a welding 
flame or gas welding process for sev- 
eral decades, 

However, only recently have these 
two processes been combined, Distilled 
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water is changed into its two gases by 
electrolysis, these gases are then fed 
to a torch and burned as shown in Fig. 
17-28. 
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Fig. 17-28. Self-generating gas welding station. The 
oxygen-hydrogen generator has two gas volume capaci- 
ty positions which are controlled by a switch. 


The unit operates on 115 volts AC. 
An AC to DC converter provides power 
to the electrolytic reactor. The mixed 
gases travel along a single hose to the 
torch. The unit also has a booster which 
contains methyl alcohol. As the gas 
mixture bubbles through the booster, 
alcohol vapor is mixed with the gas and 
it also burns in the torch flame, The 
alcohol vapor provides a slightly re- 
ducing flame for soldering, brazing or 
welding. Fig. 17-29 shows a self- 
generating gas welding station in use 
without the methyl alcohol booster, 

You should observe all the safety 


precautions as recommended in the 
previous chapters on oxy-fuel gas weld- 
ing, soldering and brazing. 


17-12. THERMIT WELDING 


Thermit welding is based upon the 
fundamental chemical principle that 
aluminum is a more chemically active 
metal than iron. The process consists 
of mixing iron oxide and aluminum, both 
in a powder form, placing them in a 
hopper above a mold which surrounds 
the joint area, and then bringing this 
mixture to a temperature of 2000 to 
2500 deg. F. The aluminum will then 
combine chemically with the oxygen 
molecules in the iron oxide producing 
a temperature of approximately 5000 
deg. F., an aluminum slag (aluminum 
oxide), and a liquid iron. This high- 
temperature, molten iron is heavier 
than the aluminum oxide and it settles 
to the bottom of the mold which permits 
it to come into contact with the steel 
joint. It will melt the surface of the 
steel to be welded and fuse with it. 
This method may be used to weld both 
large and small steel parts together. 
It is very popular where large sections 
are to be welded together. Preheating 
is often used if the size of the pieces 
to be welded is large. 


Fig. 17-29. Self-generating gas welding station being 
used to fuse thermocouple wires in missile tempera- 
ture sensing system. Methyl alcohol booster is not 

being used in this case. 


(Henes Mfg. Co.) 


Modern Welding 


Thermit welding may be roughly 
compared to a foundry casting opera- 
tion, with the one difference that the 
metal being poured is ofa considerably 
higher temperature than metal melted 
in a furnace. 

Some common applications of thermit 
welding are: To weld railroad rails 
together, new teeth on large gears, 
large fractured crankshafts, sections of 
castings where size prevents their 
being cast in one piece; to repair large 
steel structures that are made only on 
special order and would be very costly 
to replace. Thermit welding has been 
applied successfully in almost every 
industry. 

Thermit welding is also used for 
welding pipe; however, in this applica- 
tion, the thermit does not mix with the 
pipe metal, but merely furnishes the 
heat to melt the pipe ends, which are 
then butted together as they melt, 


17-13. PROCEDURE FOR 
THERMIT WELDING 


As thermit welding is a specialized 
form of casting, molds are necessary 
to control the flow of the liquid iron, 
and to shape it while it is in a liquid 
form, The metal parts to be welded 
together are firmly and accurately set 
up for welding. In preparing the parts 
to be welded, the joint is usually ma- 
chined to provide a V gap all around 
the joint to enable the molten metal to 
gain access to all parts. One methodis 
to use a wax pattern placed in this 
joint and built up to the form that the 
molten metal is to take as it flows into 
the joint. A sand mold is built around 
the wax pattern and the work to be 
welded, Both pouring gates and risers 
must be provided in this mold just as 
in regular molding, Vent holes are nec- 
essary on the larger jobs. During the 


preheating of the metal to be welded, 
the wax used as a pattern burns away, 
leaving the correctly shaped cavity to 
receive the thermit processed metal. 

A second process uses a permanent 
mold. Fig. 17-30 shows a section of a 
crucible mold assembled around a rail 
joint to be welded. 
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Fig. 17-30. Half of m cross sectional drawing of a set- 
up for thermit welding showing a crucible and the mold 
designed for welding a railroad rail butt joint. 
(Exomet, Inc.) 


On most applications a funnel-shaped 
container, constructed of the same 
materials as the mold, is built above 
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the mold. This funnel contains the alu- 
minum and the iron oxide intheir orig- 
inal powder form in sufficient quantity 
to provide enough iron for the weld. 
The usual procedure is to place this 
mixture above the weld in order to 
allow the highly super-heated iron to 
flow into the weld by gravity through 
the pouring gate. Some molds have a 
preheating gate, which provides for 
preheating the metal just prior to the 
pouring of the iron. This preheat also 
insures that all moisture is removed, 
As in all casting work, any moisture 
present when molten metal is poured 
may cause a sudden creation of steam 
and an explosion, An ignition powder, 
a special powder which burns at a high 
temperature, must be used in order to 
start the ignition of the thermit mixture, 
The aluminum and iron oxide mixture, 
as mentioned previously, will ignite 
only after it has been brought to the 
temperature of approximately 2000 deg. 
F. Once the mixture starts to burn, it 
is self-propagating. The chemical 
action should be allowed to go to com- 
pletion before the pouring is started. 
The process isconsidered safe because 
of the very hightemperature necessary 
to ignite the thermit mixture, This 
eliminates chance of accidentalignition 
of the mixture. 

After the weld is completed and the 
metal has been allowed to cool slowly, 
the mold should be removed and the 
weld cleaned. 

After the removal of the mold, the 
weld may need trimming because of 
the excess metal clinging to the weld, 
such as the pouring gate metal, the 
riser metal, and the metal in the vent 
holes. 

The molding sand used in thermit 
welding is usually of a special mixture 
of silica sand and plastic clay. The 
pouring gate is closed with a thin sheet 


of material which will melt only when 
the molten iron contacts it. 

Before the mold is placed aroundthe 
joint to be welded, It is"necessamy'to 
clean the fracture untilallsurfaces are 
bright, and clean. It is especially im- 
portant to remove any oil, grease, or 
water from the metal being welded as 
the presence of any or all of these mate- 
rials, and the vaporizing of them may 
build up a dangerous pressure and may 
cause the mold to burst, 

The thermit process is also used for 
welding cables for electrical conduc- 
tors such as shown in Figs. 6-18 and 
6-19. 


17-14. FORGE WELDING 
(BLACKSMITH WELDING) 


The oldest form of fusing two pieces 
of metal together is forge welding. 
This type of welding requires consid- 
erable skill on the part ofthe operator, 
and is usually limited to the joining to- 
gether of pieces of solid steel stock. 
The two pieces of metal to be welded 
together are heated in a blacksmith 
forge such as shown in Fig. 17-31. 


Fig. 17-31. Blacksmith forge such as used to heat 
metal for hammer welding. 
(Champion Blower and Forge Co., Inc.) 
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This forge uses a banked fire of char- 
coal or coal with an air blast from be- 
low the coals to produce the heat nec- 
essary for forge welding. The metal to 
be welded must have coals under it in 
order that most of the oxygen from the 
air blast will have been consumed by 
the burning coals before the gases 
reach the iron which is being heated, 
Otherwise, the iron will become burned, 
or oxidized, and a poor weld will re- 
sult, The metals tobe joined are heated, 
in the area where the weldistobe made, 
to a white heat just short of the rapid 
oxidizing or burning point, andare then 
placed together sothat the surfaces may 
be forced one against the other sudden- 
ly by the impact of a hammer, A black- 
smith usually swedges (enlarges) the 
ends to be joined, The pressure of the 
hammer blows, and the extra heat pro- 
duced from the hammering, fuses the 
two pieces together. See Fig. 17-32. 
The energy from the shock of the ham- 
mer blows forces the oxide from be- 
tween the surfaces of the metals, and 
produces a relatively clean area of 
fusion. 

This same type of welding may be 
done using power hammers, fixtures, 
and presses, It is often called forge 
welding and/or hammer welding. 

A weld of this nature, when done cor- 
rectly, has every quality ofthe original 
metal, However, because of the skill 
necessary to produce a successful 
joint, and the relative ease with which 
other processes accomplish the same 
task, this type of welding has virtually 
been replaced by more modern weld- 
ing processes. 


17-15. COLD WELDING 


The General Electric Company, Ltd. 
of England, announced a room tem- 
perature pressure welding process in 
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Fig. 17-32. A diagrammatic illustration of the steps 
followed when hammer welding. 


1949, This process works best on alu- 
minum and its alloys, copper, alloys 
of cadmium, nickel, lead, zinc, etc. 
This process is now available in the 
United States through the Koldweld 
Div. of Kelsey-Hayes Co. No heat is 
needed, The cleaned metal is forced 
together under considerable pressure, 
and the ductility of the metals pro- 
duces a true fusion condition, Alumi- 
num when welded by this process, has 
revealed a tensile strength of 22,000 
psi. When pressed together, enough 
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Fig. 17-33. Sample of a cold welded part. The metals 
are aluminum to aluminum (1003). 


(Koldweld Div., Kelsey-Hayes Co.) 


pressure must be applied to reduce 
the original thickness of the metal to 
about 1/4 of the original thickness. 
Fig. 17-33, shows three typical cold 
welds, 

The metals to be joined must be very 
carefully prepared. The oxides and 
other contaminants must be completely 
removed. Anabrasive wire wheel, turn- 
ing at high speed, has been found to be 
very satisfactory, as it not only re- 
moves the oxides but throws the par- 
ticles clear ofthe metal, This methodis 
considered to be better than chemical 
methods because of residual solvents, 
Aluminum, copper, magnesium and 
stainless steels, have been success- 
fully welded by this process, 

The theory of the process is that the 
pressure along the molecular boundary 
at the surface causes a fusion only a 
few molecules deep. Temperatures at 
the surface generally rise to about 600 
deg. F. during the process, but never 
up to the melting temperature of the 
metals being joined. 

The design of the tool for imposing 
the pressure on the metals is veryim- 


portant. The tool must also be designed 
to compensate for varying hardness of 
the metals. Thus the tool must have 
twice as much contact against the softer 
aluminum when cold welding it to cop- 
per. The welds obtained can either be 
the straight, ring, or seam design. 
Fig. 17-34 shows a hand operated weld- 
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Fig. 17-35. Hydraulically powered cold weld machine. 


17-23 


CLAMPING 
FORCE 


l 


COUPLING 


SYSTEM 
R—F EXCITATION 


COIL 


SONOTRODE TRANSDUCER 


TP AL 


WELDMENT 


VIBRATION 


POLARIZATION 
COIL 


WEDGE REED SYSTEM 


Fig. 17-36. Wedge-reed principle of ultrasonic welding. 
(Sonobond Corp.) 
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Fig. 17-37. Lateral drive principle of ultrasonic welding. 
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Fig. 17-38. A 100 r-f watt ultrasonic generator for 
ultrasonic welding, designed for spot welding. 


ing tool. It can weld up to a combined 
thickness of .080-in, aluminum or .060- 
in, copper. 

The tools can be obtained either hand, 
pneumatically, or hydraulically pow- 
ered, Fig. 17-35 shows a hydraulically 
powered unit which can butt weld up to 
3/4-in. (round) or up to 3/4-in, strip 
copper. It can also perform lap welds. 


17-16. ULTRASONIC WELDING 


In ultrasonic welding metals are 
joined under pressure, while vibrating 
the metals at a high frequency (usually 
above those you can hear). These high 
frequency vibrations are imposed upon 
and pass into the metals to be joined. 
The high intensity, high frequency MI 
brations cause a fusion of the surfaces 
of the metals being joined, This join- 
ing is done at a low temperature and 
the low pressure required for clamp- 
ing keeps deformation to a minimum, 

The metals may be joined even though 
they are not completely cleaned. 

The metals are clamped together and 
a transverse or lateral vibration is 
imposed on the assembly, as shown in 
Figs. 17-36 and T7980. 

The ultrasonic welding process has 
a number of advantages. There is no 


Fig. 17-39. A 100 r-f watt ultrasonic seam welder, 
designed for seam welding. 


grain growth, no gas absorption, no 
porosity, and imbrittlement is at a min- 
imum. 

The machine used looks somewhat 
like a spot welder or seam welder as 
seen in Figs. 17-38, 17-39, and 17-40, 


Fig. 17-40. A 4000-watt ultrasonic welder designed 
for spot welding. This welder uses the wedge-reed 
system for vibrating the upper electrode. 


However, the rods or sonatrodes are 
mechanically vibrated by an AC pow- 
ered transducer of 5 to 100 KC (kilo- 
cycles) or 5,000 to 100,000 cycles per 
second. These frequencies are obtained 
by using anelectronic generator, Pres- 
sures of fifty to hundreds of pounds are 
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Fig. 17-41. Photomacrograph of an ultrasonic weld 
joining aluminum to copper. 


used to hold the material to be welded. 
The welding time is between .5 to 1.5 
seconds. Fig. 17-41 shows a photo- 


macrograph of a section of an ultra- 
sonic weld joining aluminum to copper. 

A process has been developed in 
England which combines resistance 
welding and ultrasonic welding. It is 
called "Pulsonic" welding. The welds 
produced have a fine microstructure 
and are strong. A wide variety of metals 
in various thicknesses have been weld- 
ed using this process. 


17-17. ELECTRON BEAM WELDING 


Electron beam welding is usually 
performed in a vacuum, The metals to 
be welded are brought rather close to- 
gether and a concentrated stream of 
high energy electrons is directed into 
the gap between the metals causing 
fusion to take place. 

Fig. 17-42, shows a complete elec- 


Fig. 17-42. Complete electron beam welding machine. The weld is being made within an enclosed 
chamber. The operator views the weld through a special optical system. 


(Hamilton Standard Div., United Aircraft) 
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Fig. 17-43. Schematic view of an electron beam gun. 


tron beam welding station, The equip- 4, Electronic controls. 

5, Electronic gun. 

Gun and/or carriage moving 
mechanisms. 

Fig. 17-43 shows a diagrammatic 


ment consists of: 
1. Vacuum chamber. 6. 
2. Vacuum pumping system, 
3. Electronic equipment, 
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Fig. 17-44. Cross section of electron beam weld. Note 
how narrow weld is in relation to thickness of base 


metal. (Hamilton standard Div. United Aircraft) 


view of the gun itself. Note how the 
electrons are emitted or released by 
the heated 3V filament (like a light 
bulb). Note how the cathode (negative 
polarity) electrode and the anode (posi- 
tive) electrode concentrate and propel 
the electrons. 

The focus coil (a doughnut shaped 
electromagnet) concentrates or spreads 
the electron beam to the user's needs, 

To provide the 3V AC the 30,000V 
DC and the 12V DC, with all their con- 
trols, requires rather extensive elec- 
tronic apparatus, It requires approxi- 
mately 260 milliamps at 30,000V to 
weld 1/2-in, thickness stainless steel 
at 34 in, per minute, 

some units have the gun mounted on 
a wall of the vacuum chamber, while 
others have the gun movable within the 
chamber. Any gases in the chamber 
would interfere with the flow of the 
electrons. A few welds have been made 
in a standard atmosphere by reducing 
the distance the electrons travel in the 
atmosphere to a minimum, 


Fig. 17-45. Electron beam weld superimposed over a 
tungsten electrode metal arc inert gas weld. Material 
is .250-in. stainless steel. Notice how narrow the 
electron beam weld is in comparison with the TIG weld. 


The welds are as shown in Figs. 
17-44 and 45, Notice the narrow width 
of the weld metal, compared to the 
thickness of the weld. 


17-18. FRICTION WELDING 


Friction generates heat, If two sur- 
faces are rubbed together, enough heat 
can be generated and the temperature 
can be raised to the level where the 
parts subjected to the friction may be 
fused together. 

Therefore, if a joint is mounted in a 
device with one surface stationary and 
the other joint surface revolved, under 
pressure, the joint surfaces can be 
raised to a fusion temperature, The 
process is similar to electrical resis- 
tance butt welding except friction is 
the source of heat. 

The process produces efficient joints 
and is especially adaptable to pipe, 
tubing, or solid round rods, Fig. 17-46, 
shows the various stages of a friction 
weld being made on a 1-in, dia, carbon 
steel rod, To perform this weld, 1,500 
rpm is used at 7,500 psi heating pres- 
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sure, then a 70,000 psi forging pressure 
is applied, The resulting weld is pro- 
duced in 15 seconds. 

Various metals can be welded using 
this process, such as: 

1. Carbon steel. 

2. Stainless steel, 
. Stainless to carbon steel, 
. Tool steel. 
. Copper. 
. Aluminum, 


ROTATING 


STATIONARY 
PART 


OC» CO» d» Co 


Fig. 17-47. Friction welding machine. 
(American Machine and Foundry Co.) 


7, Alloy steels. 

8. Alloy steels to carbon steel. 

9. Titanium. 

The machines are somewhat similar 
in appearance to a lathe as shown in 
Fig. 17-47, An electric motor of 15 to 
75 HP creates the rotation while hy- 
draulic units are usually used to pro- 
duce the heating (friction) pressure 
and the forging pressure, The apparatus 
is of greatest advantage on repetitive 
operations after the welding cycle has 
been established, 


17-19. EXPLOSIVE WELDING 


Metals have been successfully 
formed, welded and/or work-hardened 
using the energies derived from an ex- 
plosion, When metals are welded by an 
explosive force, the metals are placed 
at an angle to each other, and the explo- 


Fig. 17-46. Steps in friction welding two pieces of l-in. 
diameter carbon steel. The rod at the left is rotated at sion forces the plates together at high 
high speed while the rod on the right is forced against velocity causing surface rip ie the 


the rotating rod. Friction creates enough heat to perform i dm. 
a sound iid. (Hamilton Standard Div. United Aircraft) metal. As the force is dissipated the 
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Fig. 17-48. Schematic drawing of a setup for explosive welding showing how the 
explosive material is placed on the base metal. 


ripples lock or weld the two metals 
together as shown in Fig. 17-48. This 
process has been successfully used to 
weld steelto steel, aluminum to alumin- 
um, copper to steel, stainless steel to 
molybdenum, and many other metals. 

This process is very dangerous, It 
should be performed only by explosive 
experts, and in specially designed 
chambers or water-filled chambers. 
Special permits must be obtained from 
local, state, and federal authorities be- 
fore this type of work can be done. 
Also, special training must be taken 
by the people involved. 


17-20. LASER WELDING 


Light energy beams from a ruby 
optical laser have been used for weld- 
ing. The term comes from the ini- 
tials Light Amplification by Stimulated 
Emission of Radiation. The laser meth- 
od can weld at a 200 to 1 ratio (the weld 
can be 200 times deeper than wide). 
This ratio means that the width of the 
weld for 1-in. thickness metal wouldbe 
only .005-in, wide, or the thickness of 
the average sheet of newspaper. The 
welds can be made in either an inert 
atmosphere, or in the normal atmo- 
sphere. 

There are no dangers of X-ray ra- 
diation but the operator must protect 
his eyes with special goggles. Under no 


circumstances should the operator put 
any part of his body in the way of the 
beam. 

The operation of the laser consists 
of firing a brilliant light (capacitor dis- 
charges into Xenon tubes or almost 
instant ignition of aluminum or mag- 
nesium foil or wire). Usually this in- 
tense light is directed into the ruby by 
using parabolic mirrors, The electrons 
in the ruby are stimulated by this light 
source, These electrons returntotheir 
normal energy level releasing energy 
of a constant wave length, This accu- 
mulation collects inside the ruby, re- 
bounds off one end of the ruby (mir- 
rored) and the energy leaves the ruby 
at the other end with a pulse of very 
short duration (1/10,000 sec.) but very 
concentrated, The Xenon light and the 
ruby retain a considerable amount of 
heat and must be cooled between pulses 
of the laser beam. For example, the 
laser may operate 1/10,000 of second, 
and the rest of the second is a cooling 
period, 


17-21. REVIEW OF SAFETY IN 
SPECIAL WELDING 
PROCESSES 


1. What hazards should be observed 
when performing thermit welding? 

2. What precautions should be fol- 
lowed when handling and operating 
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atomic hydrogen welding equipment? 

3. Why is hydrogen considered to be 
more dangerous than some other fuel 
gases? 

4, What is the greatest possible haz- 
ard when performing submerged arc 
welding? 

5. Name the hazards to be observed 
when performing plasmatorch welding. 

6, What are the hazards of friction 
welding? 

7. What safety precautions must be 
observed when performing stud weld- 
ing? 

8. Why should explosive welding only 
be performed in specially prepared 
welding laboratories? 

9, What is the greatest danger in 
laser welding? 

10. Is magnetic flux metal-arc weld- 
ing as safe as most other metal-arc 
welding processes? 

11. How is the underwater arc welder 
protected from electric shock? 


17-22. TEST YOUR KNOWLEDGE 


1. What are the two metals used in 
the thermit steel welding mixture? 

2. What kinds of metals are best 
welded with the thermit process? 

3. How are underwater welding elec- 
trodes protected for use under water? 

4. Where does the heat come from 
originally which is used to melt the 
parent metal in the atomic-hydrogen 
welding process? 

5. What kind of metal may be black- 
smith- welded? 


6. Can steel pipe be thermit welded? 

7. Of what materials are the atomic- 
hydrogen electrodes made? 

8. What protects the metal and the 
arc during a submerged arc weld? 

9. How does one determine if the cor- 
rect arc length is being used in sub- 
merged arc welding? 

10. What energy is expended during 
cold welding? 

11. Does the metal temperature rise 
during cold welding? 

12. Are the parts to be welded under 
pressure during ultrasonic welding? 

13. Why is most electron beam welding 
done in a vacuum? 

14. What means are used to focus the 
electron beam? 

15. What is plasma? 

16. Why are some plasma systems 
called transfer arc systems? 

17. In. what direction does the weld 
travel during electroslag welding? 

18. What type electrode is used in 
electroslag welding? 

19. How many pressure stages or 
steps are used during friction welding? 

20. Is stud welding an arc process or 
a resistance welding process? 

21. Is stud welding done using an in- 
ert gas shielding medium? 

22. How many carbon electrodes may 
be used when carbon arc welding? 

23. Do some welding processes use a 
flux-cored electrode? 

24, May metals be welded using the 
energy from an explosion? 

25. Is it possible to use the electron 
beam for cutting metals? 
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Chapter 18 


SPECIAL 
WELDING APPLICATIONS 


Practically all metals can be suc- 
cessfully welded. Earlier chapters of 
this text covered the welding of mild 
(low carbon) steel, This chapter is de- 
voted to metals and alloys which are 
not as common as mild steel, and for 
which special welding instruction may 
be needed. This includes also pipe and 
tube welding. 

Pipes and tubes are mediums used 
to carry fluids from one point to an- 
other, The term fluid includes sub- 
stances in either the liquid or gaseous 
form, or both, The term "pipe" usually 
refers to cylinders of hollow metal or 
other material, of substantial wall 
thickness. Pipes are made by casting, 
extruding (seamless), or by rolling flat 
stock into cylinder form and welding 
the seam. The thickness of a pipe is 
usually such that the pipe may be 
threaded. The term "tube" usually re- 
fers to hollow cylinders having a thin- 
ner wall than pipe which are of either 
seamless or seamed construction, The 
wall thickness of tubing is usually too 
thin for threading. Therefore, the joints 
must be soldered, brazed, or welded. 

The types of plastics in commercial 
use and the quantity of plastics is rap- 
idly increasing. Some types of plastics 
may be welded. 

Most of these special applications 
necessitate preheat treatment and post- 
heat treatment, CHAPTER 25 describes 
heat treatment processes. 
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18-1. CLASSIFICATIONS OF METALS 


The two large classifications of met- 
als are: 

1. Ferrous metals. 

2. Nonferrous metals. 

Ferrous metals are those bearing a 
substantial iron content, The growth 
and popularity of special forms of fer- 
rous metals has necessitated the de- 
velopment of many new techniques of 
welding these metals, The use of low 
carbon alloy steels for high strength, 
lightweight construction, and the use of 
stainless steels for applications where 
appearance and corrosion resistance 
are important, has brought about many 
special welding problems. 

The coating on metals must also be 
considered when these metals are being 
welded. Galvanized steel (zinc coated 
steel) is a very popular metal and it 
can be successfully welded. 

Welding finds an important use inthe 
fabrication and repair of cast iron 
articles. Cast iron is normally a brit- 
tle metal, Under the welding flame, or 
the electric arc, it behaves differently 
from most of the metals previously 
described. 

Dissimilar metals must frequently 
be welded together. 

The nonferrous metals consist of all 
metals not composed of iron or steel. 
Many metals are classified as nonfer- 
rous. Some of the more popular of the 
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nonferrous metals are: 

1. Copper and its alloys. 

2. Aluminum and its alloys. 

3. Lead and its alloys. 

4. Zinc and its alloys. 

There are also many new metals 
being developed for commercial use. 
Some of these metals are: 

1. Titanium. 

2. Beryllium. 

So ZIBeonim, 


18-2. ALLOY STEELS 


Alloy steels have been produced and 
have been used for many decades, New 
alloys are constantly being developed. 
Each commercially produced alloy has 
special properties, Some are more cor- 
rosion resistant, some are stronger, 
some are tougher, A variety of proper- 
ties have been developed to meet ex- 
isting needs. 

In welding these steels they must be 
accurately identified so the proper 
welding procedures may be used, The 
correct preheat procedure, the proper 
type of welding, the welding sequence, 
the postheat procedure and the like, all 
must be known and must be followed 
carefully for best results. 

Some of the more popular alloy 
steels are: 

1. Low carbon alloy steels. 

2. Chromium steels. 

3. Nickel steels, 

4. High nickel-chromium steels, 

5. Low carbon molybdenum steels. 

6. Tool and die steels, 

7. Galvanized steels. 

8, Stainless steels. 

For low temperature use, the steel 
alloys shown in Fig. 18-1, are recom- 
mended, These steel alloys retain 
enough strength and ductility to permit 
their use at these low temperatures. 
Welds in these metals for use at these 


low temperatures must have similar 
properties. See CHAPTER 28, for more 
information on steels and steel alloys. 


18-3. LOW CARBON ALLOY STEELS 


Many articles which were formerly 
made of cast iron or cast steel are now 
being fabricated of rolled steel, Many 
of these applications are found to be 
much more desirable, especially when 
a reduction in weight is possible. Low 
carbon, alloy steels (alloy steels under 
.30 percent carbon) are 10 to 30 per- 
cent stronger than the straight, carbon 
steel, and are desirable where a saving 
in weight is important. An example of 
this is a steam shovel bucket, Gener- 
ally speaking, each pound that is saved 
in structure means an extra pound of 
material may be handled with the same 
power. One company was able to con- 
vert a 5-ton capacity, steam shovel 
bucket into a 6-ton carrying capacity 
by changing from a cast design to a 
fabricated low carbon, steel alloy de- 
sign. 

These alloy steels are slightly more 
expensive than the straight carbon 
steel, but by reducing the overhead 
(lost power) they are preferred. The 
method of welding the low carbon alloy 
steels is similar tothat of straight car- 
bon steel, 

When oxyacetylene welding, flux 
should be used to counteract the oxida- 
tion of allowing elements, and filler 
rods of a composition corresponding to 
the base metal must be used, 

When arc welding these metals use 
covered electrodes, Use an electrode 
recommended for the steel being weld- 
ed, When gas metal-arc welding these 
metals, the electrode wire must match 
the base metal, The expansion coeffi- 
cient of these steels slightly exceeds 
that of straight carbon steel, however, 
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BOILING TEMPERATURES 


AT 15 PSIA RECOMMENDED 
TEMPERATURES IN DEG. F. METALS 
AMMONIA -28.1 T-1 
ASME SA-201 
ASME SA-212 


PROPANE -43.7 


PROPYLENE -53.8 


2.25% 
CARBONYL SULPHIDE -58.3 NICKEL STEEL 


HYDROGEN SULPHIDE -75.4 


CARBON DIOXIDE -109.3 3.5% 


NICKEL STEEE 
ACETYLENE -119.2 
ETHANE -127.6 


ETHYLENE -154.8 


9% NICKEL STEEL 
METHANE -258.6 


OXYGEN -297.3 
ARGON -302.6 
FLUORINE -306.2 


NITROGEN -320.5 


304 AND 304L 
STAINLESS STEEL 


NEON -410.7 
DEUTERIUM —417.3 
HYDROGEN -423.0 


HELIUM -452.1 


Fig. 18-1. Table of recommended construction metals used to 
contain low temperature fluids. (Welding Engineer) 
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no special precautions need be taken 
in reference to warping, except in ex- 
treme cases. For the best results, one 
should anneal the complete structure 
after all the welding has been com- 
pleted, The main alloying elements of 
these low carbon steels are usually cop- 
per and nickel. The amounts of these 
are .1 to 1.0 percent copper and .2 to 
2.0 percent nickel, as shown in Fig. 
18-2. 


TYPE C Mn 
Cor-Ten 10 .20 
Man-Ten 23521750 
Sil-Ten .30 .70 
Yoloy lon eis 
RDS-1 321235 2900 
RDS-1A .30 1.00 
Hi-Steel 22 .60 
HT-50 We. 280 
AW-70-90A 225 75 
AW-70-90B -25 A5 
Jal-Ten 35° 1299 
Gr City .14 «86 
Gr City 2 «25 — 1.40 
Centralloy lo 7S 
Konik "T 


70 
22 


.18 
.18 
.50 


always be annealed as quickly as pos- 
sible after welding. If the alloy has 
over 18 percent chromium, a postheat 
treatment is recommended. A postheat 
of 1500 to 1600 deg. F. and then water 
quench, is sometimes used to increase 
hardness and corrosion resistance. 
Some of these steels occasionally have 
a little molybdenum or tungsten added 
to increase the strength of the steel 
especially at the higher temperatures. 


Cu Ni Mo Cr 
EO. sais Bx 1.0 
"I ues. .20 gie 
MS ee s by 

1.0 2.0 d 

1.0 75 .20 

1.0 ey P20 

1.1 55). See 

-59 255.0 e 

255 229 res eS 
255 Eee) Aa ae 225 
.40 d" .25 
.28 m: .12 
r28 sere 5 
250 225 25 
.20 235 n2 


Fig. 18-2. Table of low carbon alloy steels. 


18-4. CHROMIUM STEEL 


Some steels which are corrosionre- 
sistant, but still are not classed as 
stainless steels, contain chromium as 
their principal alloying metal. There 
are four main chromium alloys: 

1. 12 percent Chromium, 

2. 16 percent Chromium, 

3. 18 percent Chromium, 

4. 28 percent Chromium, 

The group containing 14 to 16 per- 
cent chromium are corrosion resistant, 
especially to sulphides, and are also 
applicable to cold working. The carbon 
content of these steels varies between 
.10 to .25 percent. These metals are 
best welded when preheated to 300 to 
500 deg. F. Welds on these metals of 
16 percent chromium or less should 


These metals are usually arc welded, 
The current settings are approximately 
the same as for similar conditions when 
welding mild steel, 


18-5. NICKEL -CHROMIUM STEELS 


The high nickel, low chromium steels 
are better known as Inconel or Ni- 
chrome steels. These metals contain 
from 72 to 80 percent nickel, from 
10 to 15 percent chromium, The re- 
mainder is principally iron. 

Inconel is usually arc welded using 
a E3N12 electrode. A preheat and/or 
postheat is not required. 

Ni-chrome may be arc welded with 
DC reverse polarity using an E4N12 
electrode. No preheat, stress relieving, 
stabilizing, or annealing is required. 
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18-6. CHROME NICKEL - 
MOLYBDENUM STEELS 


These steels contain approximately 
10 to 15 percent nickel, 16 to 20 per- 
cent chromium, and 2 to 4 percent mo- 
lybdenum, For example: 

1, 316 has 14 percent nickel, 18 per- 
cent chromium, and 3 percent molyb- 
denum. 

2. 317 has 15 percent nickel, 20 per- 
cent chromium, and 4 percent molyb- 
denum. 

A preheat treatment is not required. 
A postheat treatment is not required. 
The arc welding is usually done with 
DC reverse polarity. 


18-7. LOW CARBON 
MOLYBDENUM STEEL 


In high-pressure, piping work, and 
in some other welded structures which 
operate at a high temperature, low 
carbon, molybdenum steels are used, 
The molybdenum content is approxi- 
mately .5 percent. It is best to preheat 
the metal before welding. Otherwise, 
the welding operation is much the same 
as for mild steel, It should be annealed 
after the metal has been welded, 


18-8. CHROME-MOLY STEELS 


These steels contain a small amount 
of molybdenum and a medium amount 
of chromium. For example: 

1. Type 502 or 5 Chrome contains 
5 percent chromium and .5 percent 
molybdenum, 

2. Type 505 or 9 Chrome contains 
9 percent chromium and 1 percent 
molybdenum, 

These metals are used where creep 
strength is needed, and where oxida- 
tion resistance is needed at high tem- 
peratures; for example, with hightem- 
perature steam, 1200 deg. F. 
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A preheat of 300 to 500 deg. F. is 
recommended, The arc welding is done 
using DC reverse polarity. The stress 
relieving is done at 1350 to 14,500 deg. 
F. with air cooling. Annealing is done 
by heating to 1550 to 1600 deg. F., 
furnace cool to 1100 deg. F., then air 
cool, If hardness is desired, furnace 
cool to 600 deg. F., then air cool, 


18-9. TOOL AND DIE 
STEEL WELDING 


The use of stamping, drawing, and 
forging presses is a growing trend in 
modern production manufacturing. The 
dies and tools used in these machines 
are capable of producing thousands of 
duplicate parts, Obviously these stamp- 
ing, drawing, and forging tools and dies 
must be strong and must resist wear. 
They must be made very accurately, 
and they must hold their accuracy. 
These tools are usually made of a high 
carbon alloy steel, They are accurately 
shaped, heat treated, and ground, If a 
part of the tool or die wearsorbreaks, 
the production of a duplicate one is 
slow and expensive. Tool and die weld- 
ing makes it possible to reclaim many 
of these tools by rebuilding the worn 
surface or replacing the broken part, 
as shown in Fig. 18-3, Another exam- 


Fig. 18-3. Water hardening tool steel prepared, weld- 
ed, and ground. (Welding Equipment and Supply Co.) 


Welded 
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Fig. 18-4. A boring mill cutter. A. Before welding. 
B. After welding. 


ple of salvaging a valuable tool by 
welding, is shown in Fig, 18-4. 


18-10. TYPES OF TOOL STEELS 


There are many different alloys and 
trade brands of tool steel, However, 
as far as the welder is concerned, it 
is only necessary for him to select 
the electrode or welding rod to match 
the heat treatment required in repair- 
ing a particular tool, There are four 
general heat treatment classifications 
‘which may be used as the basis for 
selection: 

1. Water hardening tool steel, 

2. Oil hardening tool steel. 

3. Air hardening tool steel. 

4. Hot working tool steel (ni-chrome 
steel base). 


18-11. TOOL STEEL WELDING 
PROCEDURE 


To weld tool steels the surface must 
be clean and occasionally shaped 
(ground) to best receive the electrode 
deposit, It is also good practice to 
preheat the tool or die. It is very im- 
portant to deposit a minimum of metal 
and then peen the metal to relieve the 
shrinkage stresses. Finally, the job 
should be heat treated (hardened and 
drawn) according to the original spec- 
ifications of the tool or die. 

Some of the basic steps to be ob- 
served when arc welding tool steels 
are: 

1. Know the type of tool steel, Obtain 
this data from the drawings or from the 
manufacturer. 

2. Use anelectrode recommended for 
the type of steel to be welded, Refer 
to electrode manufacturers' catalogs. 

3. Make the proper joint preparation, 

4, Preheat as shown in Fig. 18-5. 

5. Weld using reverse polarity (never 
exceed the maximum draw temperature 
as specified by the manufacturer ofthe 
metal. 

6. Heat treat the weld, 

Tool'steel electrodes are available 
in sizes ranging from 1/16 to 3/16-in. 
diameter, 

The electrode deposit must contact 
1/8-in. of surface width of the base 
metal, For large deposits a 1/8-in. 
thickness deposit is recommended ex- 
cept on draw and forming dies. Fig. 
18-6, shows welding of tool steel, Note 
the overlapping of the weld beads. 

Weld in a slightly uphill direction, if 
possible, as this method produces an 
even buildup and permits the slag to 
float to the rear of the crater, Itis de- 
sirable to peen to relieve stresses in 
the deposit after each pass. A postheat 
treatment is necessary for maximum 
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Fig. 18-5. Preheating furnace used to preheat tool 
and die steels. 


results. Use temperature indicating 
colors and pyrometer cones to accu- 
rately determine the temperature. 
Large pieces require more time to 
complete the heat treatment than small 
pieces. In general, use one hour per 
1/8-in, thickness being treated. Size 
determines time, 

The weld quality depends upon sev- 
eral factors: 

1. Type of steel. 

2. Amount that the base metal mixes 
with the weld deposit. 

3. Rate of cooling. 

4. Preheat treatment, 

5, Technique of welding. 

6, Heat treatment after welding. 


18-12. GALVANIZED STEEL 


A popular way to protect mild steel 
against corrosion is to plate it with 
zinc. The zinc is deposited electri- 
cally or the steel is dipped in molten 
zine (galvanized). 

When joining pieces of galvanized 
steel, it is essential that the galvaniz- 
ing not be destroyed. 

Braze welding is a common method 


of joining galvanized steel. The metal 
is heated only to the melting tempera- 
ture of the brazing rod and the gal- 
vanized coating is affected very little. 
This method may be used on pipe that 
is galvanized inside as well as outside. 
The inner coating is very important; it 
must not be destroyed. Carbon are 
braze welding (the arc is stuck between 
the two carbon electrodes only) or gas 
tungsten-arc are the most satisfactory 
sources of heat, rather than torch heat- 
ing, as the faster processes reduce 
the damage to the galvanized coating. 

Galvanized steel is also arc welded, 
The temperatures reached usually re- 
sult in some destruction of the galvan- 
ized coating in the areas immediately 
adjacent the weld seam, This protec- 
tion must be replaced, Special galvan- 
izing metal rods are available for this 
purpose, 


18-13. STAINLESS STEELS 


There are a large number of differ- 
ent steels known as stainless steels. 
All contain varying amounts of chromi- 
um or a combination of chromium and 
nickel. These steels are corrosion re- 
sistant, retain a good clean appear- 
ance, and have good physical proper- 
ties. The American Iron and Steel 


Fig. 18-6. Welding tool steel. Note welding technique 
which shows overlapping of the weld beads. 
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AUSTENITIC STAINLESS STEELS (CHROMIUM AND NICKEL ALLOYS) 


A; |. Sol SERIES % Cr 
Type 301 d 
302 18 
304 18.5 
316 17 
317 19 
347 18.5 
32] 18.5 
308 20 
309 24 
310 25 
318 17 


% Ni % C % OTHERS 
7 .08-.20 . 
8 .08-.20 
8.5 .08 max. m. 
12 . 10 max. Mo 2.5 
14 . 10 max. Mo 3.5 
10 .08 max. Cb 10 x C min. 
10 . 10 max. am Zhe 
11 .08 max. Mn 2 max. 
13 .20 max. 
20- .25 max. A. 
12 . 10 max. Mo 2.5 


Fig. 18-7. Table of compositions of austenitic stainless steels. 


Institute has classified these alloys by 
number. 

There are three general classifi- 
cations of Stainless Steels: 

1. Austenitic, Fig. 18-7. 

2. Martensitic, Fig. 18-8. 

3., Ferritic, Fig. 18-9. 

See Paragraphs 24 and 25 in CHAP- 
TER 24, for further information con- 
cerning the iron-carbon properties of 
these metals. 


that retain the existence of austenite 
at room temperature are called austen- 
itic steels. Stainless steels of the 300 
series (chromium and nickel) are a 
good example of austenitic steels, 
These steels do not harden by heat 
treatment, but rather by cold working. 
Fig. 18-7, shows a table of the com- 
position of austenitic stainless steels. 

As a result of research dating back 
to about 1935, chromium-nickel steel 


MARTENSITIC STAINLESS STEELS 
(STRAIGHT CHROMIUM OF LESS THAN 14%) 


A. 15S. ISSERIES % Cr 
410 12 
416 13 
431 16 
501 5 
502 5 


AC % OTHERS 
.15 max. Sane 
.l5 max. P. S. or Se .07 min. 
.20 max. ZR or MO .06 max. 
.10 max. MO .45-.65 
.10 max. MO .45-.65 


Fig. 18-8. Table of compositions of martensitic stainless steels. 


18-14. AUSTENITE STAINLESS 
STEEL 


Austenite is a physical condition in 
plain carbon steel that exists at tem- 
peratures above 1200 to 1300 deg. F. 
It is a solid solution of Fe4C in iron, 

It has been found by adding chromium 
and nickel to the steel that this aus- 
tenite form can be retainedinthe metal 
as it cools down toroom temperatures, 
if the metal is cooled quickly. There- 
fore, any steels with alloying elements 


electrodes are now used to weld high 
tensile steels (low alloy) without a 
preheat or postheat being used, During 
World War II there was a tremendous 
increase in the use of this technique, 


FERRITIC STAINLESS STEELS 
(STRAIGHT CHROMIUM OF 14% OR MORE) 


A. |. S. |. SERIES % Cr 755 (€ 
430 14-18 .12 max. 
446 26 .35 max. 


Fig. 18-9. Table of compositions of fer- 
ritic stainless steels. 
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with the result that armor plate and 
the like, were very successfully welded 
with stainless steel (austenitic) elec- 
trodes. 

These austenitic steels are alsonon- 
magnetic, or, are very weakly mag- 
netic. A popular use is for the bright 
sheet metal parts of household appli- 
ances, 


18-15. MARTENSITIC STAINLESS 
STEEL 


The martensitic stainless steels have 
less than 14 percent chromium content 
and a varying carbon content, See Fig. 
18-8. These steels are good for table- 
ware, instruments, ball bearings, etc. 
They may be hardened by heat treat- 
ment, They are also magnetic. 


18-16. FERRITIC STAINLESS STEEL 


Ferritic stainless steels have a high 
chromium content and less than.15 per- 
cent carbon, They have a ferrite grain 
structure at room temperature andare 
not hardenable by heat treatment, 

Gas welding stainless steel of the 
austenitic group is practical, andis not 
difficult to do. The metal being welded 
must be carefully cleaned (stainless 
steel wool or a clean stainless steel 
wire brush). 


18-17. STAINLESS STEEL 
GAS WELDING 


To successfully gas weld stainless 
steel, the metal and the welding rod 
must be first chemically or mechani- 
cally cleaned (a clean stainless steel 
wool is a good cleaner). 

Both the surfaces of the metals being 
joined and the rod must be flux coated 
using a small clean brush. A common 
flux contains 1/2 pound zinc chloride, 


1/3 oz, hydrochloric acid, 16 oz, water, 
1/2 oz. potassium dichromite, Because 
of the relatively high amounts of the 
alloy metals, most of which have a high 
coefficient of expansion, these metals 
warp and buckle more noticeably than 
straight carbon steels, An oversize tip 
with a soft flame may be used to min- 
imize warpage. Clamp the pieces to be 
joined carefully in a fixture. Some 
welds may best be performed by first 
Spot welding the pieces of metal to- 
gether. Hold the torch (neutral flame 
or very slightly carburizing) at a 45 
to 60 deg. angle. As soon as a small 
puddle is formed, feed the welding rod 
to the puddle. When that spot is welded, 
move forward slightly, and repeat. Al- 
ways leave the welding rod in or near 
the puddle (front edge). Never lift the 
welding rod away or the oxides formed 
on the rod will injure the quality of 
the weld, Always remove the torch by 
pulling it away slowly so that the flame 
may keep the last portion of the weld 
protected from the atmosphere until 
it has cooled somewhat, The control of 
the puddle in stainless steel is much 
more critical than with.mild steel, A 
little too much heat and the alloy may 
disintegrate. Fig. 18-10, shows stain- 
less steel being gas welded using the 
backhand technique. 

The completed weld should be 
straight, evenin width,slightly 
crowned, and evenly penetrated, You 
must be careful not to oxidize, or over- 
heat stainless steel, as this seriously 
discolors it and ruins the properties 
of the metal. You will usually find that 
after finishing a welding operation, the 
metal is discolored. However, if cor- 
rectly done, the discoloration will be 
only on the surface. The slight discol- 
oration of the weld, and the metal ad- 
jacent to the weld, is easily removed 
by buffing and polishing. 
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When stainless steel was first weld- 
ed using stainless steel filler metal, 
the welds sometimes hadintergranular 
cracking (chromium carbide). To stop 
this action columbium and/or titanium 


STAINLESS STEEL 
WELDING ROD 


steel manufacturer, and the electrode 
manufacturer. 

The American Welding Society has 
prepared identification numbers for a 
variety of stainless steel welding elec- 


BASE METAL 


<a FACE 


PENETRA ONA 


Fig. 18-10. Stainless steel joint being gas welded using backhand technique. 


is added to the stainless steel. Titani- 
um is proving the most popular. (Amer- 
ican Iron and Steel Institute Series 321 
and 347). 


18-18. STAINLESS STEEL 
ARC WELDING 


It is easier to are weld stainless 
steel than to gas weld it, All arc weld- 
ing methods such as manual arc weld- 
ing, automatic arc welding, atomic- 
hydrogen arc welding, and inert gas 
arc welding may be easily and effec- 
tively used in welding this type of steel. 
The consumable electrode must match 
the type of stainless steel being welded, 
To obtain good, consistent results, the 
operator must carefully follow recom- 
mendations made by both the stainless 


trodes. For example, E 308-15 is for 
AISI 301 to 308 series, and is used in 
all positions as indicated by the number 
1 in the AWS designation, EXXX-IX, and 
has a lime coating as indicated by the 
number 5inthe AWS designation EXXX- 
X5 which calls for DC reversed polar- 
ity. Because there are at least seven 
main classifications for the austenitic 
steels, great care should be used when 
selecting the electrode to be used. The 
current settings are slightly lower, but 
the electrode sizes are very similar 
to the choices for mild steel welding. 
DC reversed or AC current is used, 
AWS XXX-15 electrode are used with 
DC reversed polarity or AC, The elec- 
trodes must be kept dry and clean. The 
electrode coating must be free from 
cracks and chips. The welding proce- 
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dure is almost identical with mild steel 
practice. The same electrode position, 
crater appearance, electrode motionor 
weave should be used, It is advantage- 
ous to use as short an arc as possible. 

Gas tungsten-arc welding is partic- 
ularly desirable with stainless steel, 
Strong, good looking welds may be ob- 
tained with a minimum of discolora- 
tion and warpage. The metal behaves 
normally under the arc. Both the gas 
tungsten-arc and the gas metal-arc 
processes are suitable. When using 
the gas tungsten-arc method, the weld- 
ing rod is added in a manner similar 
to gas welding. 

Since the use of flux is not necessary 
with inert gas arc welding, no after 
cleaning is necessary. 


18-19. MARAGING NICKEL STEELS 


These steels are ultra low carbon 
.03 percent or 3 point carbon (low car- 
bon steels are usually.10to.20 percent 
or 10 to 20 point). The term maraging 
is the result of combining two words-- 
martensite and aging. The maraging 
steels owe their properties tothe trans- 
formation of austenite to martensite, 
and then aging the martensite under 
precisely controlled conditions. 

There are three grades of this steel: 

1. 18 percent nickel, 

2. 20 percent nickel. 

3. 25 percent nickel, 

These steels have tensile strengths 
of about 250,000 psi. The composition 
is explained in CHAPTER 24, 


18-20. WELDING MARAGING STEELS 


These steels are weldable using 
covered electrodes or using inert gas 
arc welding. The filler metal should 
be of about the same composition as 
the base metal. Preheat is not re- 


quired but postheat is necessary with 
the 20 and 25 percent nickel alloys in 
order to develop the full properties of 
the metals. 

General information on heat treat- 
ment follows, but the exact procedures 
and temperatures used will vary with 
the alloy, and the manufacturer's rec- 
ommendations should be followed: 

1. No preheat is required. However, 
if the temperature of the metal is at 
freezing or below, it is best to preheat 
the weld joint area to 70 deg. F. 

2. Anneal at approximately 1500 
deg. F. 

3. Ausage (austenite age) at approxi- 
mately 1300 deg. F. 

4. Cold work. 

5. Refrigerate to -100 deg. F. 

6. Marage (martensite age) at ap- 
proximately 900 deg. F. 

7. Cool in air. 


18-21. PROPERTIES OF CAST IRON 


Cast iron is a casting made of iron 
and carbon with between 2.25 and 4 
percent carbon, For certain purposes, 
alloy metals may be added to the cast 
iron. For example, nickel makes the 
casting more dense; nickel and chrom- 
ium make the cast iron rust resistant, 
Phosphorus makes the metal pour more 
easily (low surface tension), and cast 
more accurately. Cast iron is used 
extensively for heavy machine parts. 
Its melting temperature is approxi- 
mately 2600 deg. F. 


18-22. TYPES OF CAST IRON 


There are three principal types of 
cast iron: 

1. White cast iron. 

2. Gray cast iron, 

3. Malleable cast iron or malleable 
iron. 


18-11 


Modern Welding 


White cast iron is a casting that has 
been cooled rapidly (chilled) after it has 
been poured, or cooled rapidly after 
being heated above its critical tempera- 
ture. The name, white cast iron, is given 
due to the appearance of the fracture. 
The metal is extremely hard and is 
very difficult to machine, Most welds on 
any type of cast iron will tendto have a 
white cast iron structure unless they 
are heat treated after welding or cooled 
slowly after welding. 

Gray cast iron is cast iron that has 
been cooled very slowly from its crit- 
tical temperature (in sand, asbestos, or 
in a furnace). The name is derived 
from the gray appearance of the frac- 
ture. The gray is the result of graphite 
flakes in a matrix of white iron and 
iron carbide. This metal is easy to 
machine. Usually a welder heat treats 
all cast iron welds, that is, allows 
them to cool slowly, in order to pro- 
duce gray cast iron, 

Malleable cast iron or malleable 
iron, is a white cast iron that is heated 
to 1400 deg. F. for 24 hours per each 
inch of thickness and then cooled slow- 
ly. This heat treatment permits the 
release of carbon from the iron and 
allows it to form small nodules, or 
spheres of carbon in the matrix of low- 
carbon iron, The surface of the casting 
is affected first. The length of the heat 
treatment determines the depth of the 
change. Most malleable castings have 
the heat treatment extend only 1/8 to 
1/4 in, into the metal. This heat treat- 
ment helps to make the casting strong- 
er and more resistant to shock, fatigue, 
and vibration, Welding malleable iron 
wil destroy this heat treatment and 
turn the metal into white or gray cast 
iron, Therefore the welding of mal- 
leable casting is generally not recom- 
mended, Malleable castings may be 
brazed, or braze welded, quite satis- 


factorily See CHAPTER 16 for in- 
structions concerning braze welding 
cast iron. 

All cast iron weld joints tend to be- 
come white cast iron; heat treatments 
previously administered are destroyed, 
and the casting must again be heat 
treated to bring back its original 
properties. Occasionally eventhis pre- 
caution will not be sufficient if the 
welder has allowed oxide spots to re- 
main in the weld (poor procedure or 
improper flux). There is no satisfactory 
remedy for hard spots except to re- 
weld them and remove the oxide 
inclusions. 


18-23. NODULAR CAST IRON 


Casting cast iron is an economical 
way to make metal parts, However, in 
its ordinary forms, white or gray, it 
is a brittle and fairly weak metal be- 
cause the free carbon or graphite is 
in flake form which causes easy 
cracking. 

Since 1948 a new form of cast iron 
has become available. It is called 
Nodular, Ductile, or Spheroidal cast 
iron. The process, which is patented, 
produces this ductile result by adding 
a small amount of magnesium to the 
cast iron, The graphite then becomes 
nodules or little spheres in the metal, 
This metal has much greater ductility 
and is stronger. 

This ductile iron canalsobe obtained 
alloyed with silicon (3-6 percent) if 
heat resistant properties are desired, 
or with nickel (8-35 percent) and 
chromium (5 percent), if corrosionre- 
sistance is desired, plus heat resist- 
ance, Fig. 24-10, lists some of the 
properties of these ductile irons. 

Ductile iron has been satisfactorily 
welded by arc welding using a 60 per- 
cent nickel, 40 percent iron electrode. 
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Step or intermittent welding of several 
passes is recommended as this process 
minimizes stresses, Preheat and post- 
heat improves the weld especially for 
machining, (600 F. preheat and 900 F. 
postheat). 


18-24. PREPARING CAST IRON 
FOR WELDING 


Cast iron may be prepared for weld- 
ing much the same as steel, Thin pieces 
should be cleaned by grinding and then 
filing, whereas thick sections, 1/4 in. 
or more, should be chamfered (beveled) 


BUTT JOINT 


60° 


1/16 


WLLL 


narily obtained. The methods used are: 
1. Insert studs in the edges to be 
joined, which when welded, add ma- 
terially to the strength of the weld. 
2. Cut notches in the cast iron sur- 
faces to be welded. 


18-26. PREHEATING CAST IRON 


Most cast iron objects (except some 
simple structures where expansion and 
contraction are freely permitted with- 
out producing undue stresses and 
strains) must be preheated before weld- 
ing, to prevent cracking of the metal 


WLLL 


Fig. 18-11. Preparing cast iron joints for welding and cross sections of finished 


welds. 


at a 60 deg. angle, leaving a 1/16-in. 
blunt edge. Fig. 18-11, shows a cast 
iron joint prepared for welding, also 
a cross section of the finished weld, 


18-25. METHODS OF 
STRENGTHENING A 
CAST IRON WELD 


Occasionally the welder may pre- 
pare the cast iron seam in special ways 
to obtain a stronger joint than ordi- 
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Fig. 18-12. Methods of strengthening cast iron weld 
joint. 
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as the weld cools. This is due to the 
brittleness of the metal and to the fact 
that most cast iron welds are on com- 
plicated frames and structures, i. e., 
cast iron wheels or frames, This pre- 
heating also permits faster welding, 
and assures closer alignment of the 
structure after the weld is completed 
and has cooled, Preheating is done in 
a furnace. The structure to be welded 
should be heated to a temperature of 
between 1500 and 2000 deg. F. (a dull 
cherry red). If possible, the actual 
welding should be done inthe preheating 
furnace with the preheater operating. 
Fire bricks are usually built around 
the structure to be welded to retain the 
heat and permit quicker and more 
economical preheating. If a furnace is 
not available and preheating is neces- 
sary, this may be done with a torch, 
oxyacetylene, city gas-air, city gas- 
oxygen, gasoline-air, propane-oxygen, 
and the like, By knowing what members 
to preheat, most of the stresses and 
strains can be eliminated, Fig. 18-13. 
If the casting is flat, it is best to weld 
it on both sides to prevent warping. 


18-27. GAS WELDING CAST IRON 


The tip size used for cast iron, 
should be similar to the size used for 
steel of the same thickness. A neutral 
flame should be used along with a cast 
iron welding rod of the proper size. 
Cast iron welding rods are available 
in 1/8 in, diameter x 18 in, in length, 
or 1/4 in. square x 24 in, in length. 
Oxides must be cleaned fromthe parent 
metal, Use a clean, sharp file. Grinding 
or sanding may leave abrasive particles 
that interfere with the welding. The 
torch should be held at a 60 deg. angle 
with the seam, The inner cone must not 
touch the metal, The flux should be 
added by coating the welding rod with 
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Fig. 18-13. Local preheating of structural cast iron 
bodies. 


flux and adding it to the weld. The flux 
must have the correct constituents; it 
must be fresh, clean, and be moisture 
free, In cast iron welding, the molten 
puddle is not very fluid, Therefore, it 
is important that gas pockets and oxides 
be worked to the surface of the weld, 
This may be done by stirring the molten 
puddle withthe filler rod, The torch may 
be moved either forward or backward, 
usually forward for thin sections, and 
backward for thick sections, The weld 
must have thorough penetration. A 
slight crown is preferred, An oscil- 
lating torch and filler rod motion is 
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Fig. 18-14. Welding cast iron by oxyacetylene process. 


usually used, although no ripples are When using a carbon arc, the manipu- 
likely to appear on the surface of a lation is much the same as with the 


weld as shown in Fig. 18-14. oxyacetylene method shown in Fig. 
18-15. If a metallic arc is used, special 
18-28. ARC WELDING CAST IRON covered steel electrodes are neces- 


sary--usually steel with a nickel con- 
Cast iron may be welded with a tent. 
carbon arc, or with a metallic arc. Steel studs are commonly used to 


Fig. 18-15. Welding cast iron by carbon arc process. 
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Modern Welding 


make a stronger weld, The same mo- 
tion, electrode size, arc length, andthe 
like, are used in cast iron welding as 
are used with the same thickness in 
steel welding. Fig. 18-16, shows, in 
cross section, an arc weld on cast 
iron, in progress, 
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Fig. 18-16. Welding cast iron by shielded metal-arc 
process. 


18-29. INSPECTING CAST 
IRON WELDS 


The finished cast iron weld should 
be slightly crowned without undercut- 
ting. It should have penetration, No 
pits or bubbles should appear on the 
upper or underneath (penetration side) 
surface of the metal, The width of the 
weld should be approximately three 
times the thickness of the metal, 


18-30. HEAT TREATING 
CAST IRON WELD 


If a cast iron weld is allowed to cool 
in the air and is cooled quickly, it will 
consist mainly of white cast iron, or 
at least a large number of these spots 
will exist. If cooled very slowly in 
sand, or in a brick housing, most of 
the weld will be gray cast iron, but 


some hard spots may still be included 
in the weld, To secure the best results, 
the whole structure should be heated 
to its critical temperature and then 
cooled very slowly. This latter practice 
is sometimes more expensive than the 
welding operation itself, but itis neces- 
sary to insure a good weld, 


18-31. TESTING CAST IRON WELDS 


Cast iron welds may be tested by 
inspection of the outer surface, How- 
ever, the beginner should break sample 
welds along the length of the seam, 
and inspect the fracture for gas pockets, 
cracks, burned spots, and hard spots, 
A good weld will have no such spots. 


18-32. WELDING DISSIMILAR 
METALS (FERROUS BASE) 


There are many iron and steel fabri- 
cations which require welding metals 
together eventhoughtheir compositions 
are different, Welding stainless steels 
to mild steels, and low-alloy steels to 
high-alloy steels are typicalexamples. 

It is very important that the proper- 
ties of each metal be known, The weld- 
ing rod or electrode composition should 
be close to the same composition as the 
metal which has the least amount of 
alloying metals. When in doubt or if 
the information needed is unknown, it 
is advisable to weld with filler metal 
of 25 percent CR and 20 percent NI, 

It is always best to preheat the joint, 
even as low as 200 deg. F. to 300 deg. 
F, to produce better welding results. 
Practice on sample pieces, if possible, 


18-33. ALUMINUM 


Aluminum is one of the more common 
and popular metals. It is present inthe 
earth in great quantities, Since it first 
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became commercially available, it has 
grown in use, many alloys have been 
developed, and there are many uses 
for this metal, 

It is available in all standard shapes 
and forms, and it is shaped and formed 
by allthe standard methods. Parts made 
of aluminum are joined by all the con- 
ventional methods. Growing in popu- 
larity is the joining of aluminum parts 
by welding. 


18-34, TYPES OF ALUMINUM 


Aluminum is available in its com- 
mercially pure form, It is also avail- 
able as it is alloyed with many other 
metals. It is also available in clad 
and anodized forms, 

The metal identification has been 
standardized by code numbers, CHAP- 
TER 23 explains how aluminum is 
manufactured, how it is alloyed, identi- 
fied and shaped. Fig. 18-17 lists alloys 
and welding filler metals recommended, 

The three digit code number (xxx) 
are castings while the four digit code 
numbers (xxxx) are wrought metals. 
The xxx series have seven main classi- 
fications (0XX through 7XX). 

The four digit code number (xxxx) 
has 8 mainclassifications ranging from 
(EC through 7XXX). 

The three digit series has letter pre- 
fixes (example B 214) to indicate slight 
changes in the alloying elements. 


18-35. PREPARING ALUMINUM 
FOR WELDING 


Aluminum is used commercially in 
two principal forms, cast aluminum, 
and drawn or rolled aluminum, The 
welding procedure will be governed by 
the form, cast or drawn, Certain char- 
acteristics of aluminum make it rather 
difficult to weld: 


1. The ease with which the aluminum 
oxidizes at high temperatures. 

2. The melting of aluminum before it 
changes color, 

3. The oxide melting at a much higher 
temperature than the metal, 

4. The oxide is heavier than the 
metal (more dense). 

However, despite these difficulties 
aluminum welds can be made which are 
just as strong and ductile as the original 
metal. The filler metal, if used, should 
be of proper aluminum composition. 

In welding this type of joint, the weld- 
er must obtain the same welding re- 
sults as in steel welding: 

1. Good fusion, 

2. Good penetration. 

. Straight weld. 

4. Build-up over the seam, 

5. Clean appearance, 

The metal must be clean, It can be 
mechanically cleaned (clean stainless 
steel wire brush or clean stainless 
steel wool) It can be cleaned chemi- 
cally (dipped in cleaning solution and 
then rinsed). 

The metal must be solidly supported 
before, during and immediately after 
the weld is made, 

The welder must know the compo- 
sition of the metals being joined and 
should check the American Welding 
Society's recommendations for the best 
welding filler metal to use. 

The edge preparation should conform 
to recommended practices. 

The structure section weldments 
should be preheated to approximately 
600 - 800 deg. F. 


[2v] 


18-36. OXYACETYLENE WELDING 
WROUGHT ALUMINUM 


Gas welding aluminum can be done 
successfully. However, if inert gas arc 
welding facilities are available, the 
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showing the welding filler metal to be used. 
(Alcoa) 
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Fig. 18-17. List of aluminum and aluminum alloys 
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If one parent alloy is 6061 and the other 5052, and if ease 


of welding (W) is the desired characteristic, trace the W sector in the 
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area. 
(appearing at the top) and note that 4043 (rated A) is the filler alloy 


recommended. 


Once the parent alloys have been determined, the governing factor in 
5052 block (along the left margin) horizontally to the 6061 block 
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Special Welding Applications 


latter process is recommended. 

Flux is always used when gas weld- 
ing aluminum, Both the metals being 
joined and the welding rod, if used, are 
flux coated, The operator usually mixes 
the flux with water, (3 to 1 ratio) to 
form a paste. The edges to be welded 
together are then heated, and the paste 
applied to both edges with a brush. If 
the inside of the fabricated part can- 
not be cleaned, you should not put flux 
on the metal, only on the welding rod. 
In any case the welding rod should also 
be coated with this flux. 

Due to the high heat conductivity of 
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reducing or slightly carburizing flame 
should be used, 

The appearance of the metal changes 
very little when the parent metal is 
becoming molten. Light blue color 
welding lens should be used. You can 
then see the light gray color of the 
metal just as it is melting. You may 
also "feel" the surface of the metal 
with the welding rod by lightly touching 
the metal with the rod as the metal is 
heated. The aluminum may be solid 
one instant, and then without any ap- 
parent change in appearance, melt and 
sag. The operator will feel this change 
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Fig. 18-18. Aluminum joints shown during and after welding. Note position of torch 
and welding rod. No welding rod is required when welding flange joint on thin metal. 


aluminum, a larger torch tip is needed 
for a corresponding thickness of alumi- 
num than for steel welding. Because the 
weld puddle does not emit sparks a 
large tip may be used and the flame 
reduced without the torch "popping." A 


coming since the metal surface will 
feel soft or elastic under the welding 
rod just as the metal melts. The in- 
stant that this "feel" indicates that the 
metal is about to melt the welding rod 
should not be withdrawn from the 
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metal, but the tip of the welding rod 
should be allowed to melt with the 
metal. If the welding rod is withdrawn 
at the instant of melting, there is 
danger (particularly with thin metal) 
of the metal breaking away and part 
coming away with the welding rod 
leaving a hole in the work being welded. 
However, with a little practice and 
by learning the knack of scraping the 
surface with the welding rod one is 
soon able to obtain a strong, neat 
looking aluminum weld. Fig. 18-18, 
shows various aluminum joints being 
welded, and after welding. 

The commercially pure aluminum 
(1100 or 3003) are usually welded with 
1100 welding rod, The 5050, 5052 and 
6061 alloys are welded using 4043 
welding rod. 

Flange welding is also a very popu- 
lar type of aluminum weld seam, Weld- 
ing rod may or may not be used. 
Occasionally three pieces are welded 
in this way. One must be careful when 
welding three pieces to concentrate 
the heat on the middle piece as it re- 
quires the greatest amount of heat. A 
larger than normal tip may be used 
when welding aluminum, as it may then 
be cut down (gas flow reduced) without 
the danger of backfire. Toinsure fusion 
all the way across the thickness of the 
metal when flange welding, the weld 
should bulge a little (it should be a 
little thicker than the total thickness 
of the two or three sheets). Very little 
torch motion, if any at all, is used, 
Aluminum sections up to 1 in, inthick- 
ness have been gas welded. Fig.18-19, 
shows an aluminum plate being 
gas welded. 

The flux used for welding aluminum 
contains chlorides and occasionally 
fluorides, The fumes from the flux are 
irritating and aluminum should be weld- 
ed only in well ventilated places, This 
flux is also irritating to the skin and 


harmful to clothing, and must be care- 
fully handled, Keep the flux in airtight 
containers when in storage. The flux 
should be mixed with pure water to a 
paste consistency, and added to the 
filler rod only with a clean brush. 
Never contaminate the flux with dirt, 
rust, or dust, Keep the brush in the 
flux bottle when not in use; never lay 
if on the bench or this will ruin the 
flux, It is important to use good, fresh, 
aluminum flux at all times. The finished 
weld, in addition to all the usual 
appearances of a good weld, should be 
of a color similar to the welding rod 
material with a bright, shiny surface. 
If the metal is overheated and oxidized, 
the color becomes darker andthe metal 
has a dead white appearance with a 
rough surface. 

A slightly carburizing flame may be 
used for aluminum welding to insure 
that the metals will not be oxidized, An 
excessive amount of carburizing flame 
will give the weld a dirty appearance. 
Flux should be washed from a weld 
with water or better with a sulphuric 
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Fig. 18-19. Gas welding plate aluminum. 
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acid water solution as soonas possible, 
as flux left on the weld will have a 
corrosive effect. A student will find it 
very convenient to use backing material 
when first learning how to weld sheet 
aluminum, When welding aluminum, 
nickel, lead and some other metals one 
must, if possible, use holding jigs and 
back up surfaces, because these metals 
become very weak just prior to their 
melting temperatures. This weakness 
is called "hot shortness." 


18-37. OXYHYDROGEN WELDING 
WROUGHT ALUMINUM 


Oxyhydrogen flame has a tempera- 
ture of 4100 deg. F. Because it is very 
clean, it can be used to weld aluminum, 

The opening of an oxy-hydrogen sta- 
tion is similar to the steps followed 
when opening an oxyacetylene station, 
The hydrogen cylinder is built similar 
to an oxygen cylinder except that the 
regulator attaching fitting has left- hand 
threads. The average cylinder holds 
195 cu. ft. of hydrogen at 2000 psi when 
full. 

The hydrogen torch releases 436 
BTU per.cu, ft, in comparison to the 
1,640 BTU released per cu. ft, of acety- 
lene. This necessitates the use of 
a larger tip orifice than with the oxy- 
acetylene flame for a given metal 
thickness. 

To adjust the oxyhydrogen flame; 
open the hydrogen torch valve about 
one half turn, light the gas, adjust the 
regulator until the burning gas (almost 
colorless) just starts to hiss and be- 
come turbulent, or rough, then openthe 
oxygen torch valve and adjust the reg- 
ulator until aninner cone is just visible. 

If the end of the tip is dirty or coated 
with aluminum flux, the flame will have 
an orange color and the inner cone will 
not be visible. Clean the end of the tip 
with fine grain polishing paper and ream 


the orifice very lightly to remove the 
impurities causing the orange color. 
The hydrogen flame is almost colorless 
and the neutral flame is hard to as- 
certain even under good working con- 
ditions. A black background helps one 
to see the flame more clearly. 

Another way of determining the length 
of the inner cone is to slowly move the 
torch up to a cold metal surface. When 
a small black dot appears in the center 
of the point of contact of the flame with 
the metal, note how far the torch tip 
end is from the metal. This distance is 
the length of the inner cone, 

When butt welding aluminum, hold 
the torch at a 45 to 60 deg. angle and 
dip the welding rod in the center of the 
puddle with an up and down motion, The 
inner cone of the flame must not touch 
the aluminum base metal or the filler 
rod. Do not stir the puddle or push or 
pull the welding rod throughthe puddle. 

To make a lap weld hold the tip at 
an angle of almost 90 deg. to the line 
of weld, and tilt it up about 60 deg. 
from the surface of the weld. When 
adding the welding rod inthis case push 
the puddle back toward the trailing 
edge of the puddle with the welding rod, 
Keep the welding rod at the edge of the 
upper piece of aluminum at alltimesto 
prevent overheating. 

When fillet welding, hold the tip 
equally between the two pieces and at 
a 60 deg. angle to the line of weld, Push 
the puddle toward the back edge of the 
puddle with the welding rod and at the 
same time add the welding rod to the 
puddle, 


18-38. ARC WELDING 
WROUGHT ALUMINUM 


Aluminum may also be welded with 
the electric arc. Heavily coveredelec- 
trodes (5 percent silicon) used with 
reversed polarity (electrode position) 
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and a short arc (20V) are recommend- 
ed, The electrode coverings must be 
kept dry. Good ventilation is very im- 
portant, Metal of less than 1/8-in. in 
thickness is difficult to arc weld and 
great care must be taken, The metal 
should be backed if possible. 

Arc welding aluminum is about three 
times as fast as welding steel. A slower 
progress will resultintoo much buildup 
of electrode metal or a melt through 
of the base metal. 

If the arc is interrupted, remove all 
the flux before attempting to strike the 
arc again, or the weld will have flux 
inclusions. Restart the arc about 1/2 in, 
back along the weld to produce enough 
preheat and buildup. After the weld is 
completed immediately remove the 
flux, wash the weld witha 5 percent nit- 
ric or 10 percent sulphuric acid solu- 
tion, then wash with warm water, This 
thorough cleaning is necessary to pre- 
vent corrosion of the aluminum, 


18-39. OXYACETYLENE WELDING 
| CAST ALUMINUM 


Occasionally an operator encounters 
a project which involves the welding of 
cast aluminum articles. Cast aluminum 
welding is used in foundry repair, gen- 
eral repair, and in production. As in 
sheet aluminum welding, a neutral 
flame or a slightly reducing flame is 
recommended, 

Use a fresh, chemically-pure flux. 
The same preparations should be fol- 
lowed for cast aluminum as for wrought 
aluminum, To prevent the sagging at 
the joint while welding, use carbon, 
copper, or steel blocks to back up the 
weld, 

A very valuable aid for cast aluminum 
welding is a steel paddle which may be 
used to: 

l. Stir up the molten metal, 


2. Remove the oxidized aluminum 
from the weld. 

3. Smooth out the surface ofthe weld. 

These paddles are usually made from 
1/4-in. steel welding rods flattened at 
one end into a flat spoonlike shape, 
Fig. 18-20. When welding large and/or 
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Fig. 18-20. Steel paddles used for puddle control when 
gas welding cast aluminum. 


thick section aluminum castings the 
castings should be preheated to 500 - 
600 deg. F. This temperature may be 
easily checked by heating the casting 
until it will char a soft pine stick touched 
to the surface. See PAR. 18-11 for 
details of construction and operation of 
a preheating furnace. Thicker sections 
should be chamfered as is done with 
steel. In addition, the beveled edges 
should be notched witha chisel or hack- 
saw (every 1/8 in.). When this is done, 
the edges will quickly reach the welding 
temperature without heating the adja- 
cent metal too much, 


18-40. ARC WELDING 
CAST ALUMINUM 


Arc welding cast aluminum is done 
in much the same manner as arc weld- 
ing wrought aluminum, Both sandcast- 
ings and permanent mold castings are 
weldable, Aluminum die castings are 
not usually weldable because ofcertain 
ingredients in the aluminum alloys. 
Castings that have been impregnated 
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ASTM ASTM 
ALLOY FILLER ROD ALLOY 
AZ 31B-H24 AZ-61A 
AZ 61A-F AZ-61A 
ZK 21A-F AZ-61A 
ZE 10A-H24 AZ-61A 
HK 31A-H24 EZ-33A 
HM 21A-T8 EZ-33A 
HM 31A-T5 EZ-33A 


ORIGINAL METAL WELDED 
STRENGTH TS STRENGTH 

1000 PSI 1000 PSI 

42 97 

45 40 

38 32 

38 33 

38 31 

34 31 

44 28 


Fig. 18-21. Table of weldable magnesium alloys. 


to insure tightness are not weldable. 

Castings that have been heat treated 
lose the heattreatment properties when 
welded, If acasting requires heat treat- 
ment, it should be welded prior to heat 
treatment, One should determine the 
preheat treatment and the postheat 
treatment prior to attempting a weld 
on a casting. 

It is important to minimize the area 
of heating during the welding operation. 


18-41. WELDING ALUMINUM 
ALLOYS 


All but the 1100 series of aluminums 
are aluminum alloys. Some of the weld- 
able aluminum alloys are as shown in 
Fig. 18-IT, 

All of the aluminum welding instruc- 
tions in the previous paragraphs apply 
to the welding of aluminum alloys. 


18-42. WELDING MAGNESIUM 


Magnesium and its alloys are often 
confused with aluminum and welders 
often try unsuccessfully to use alumin- 
um welding techniques. The metal is 
shaped into various wrought forms and 
is also cast in sand and in permanent 
molds. 

There are several magnesium alloys 
on the market, These metals canusually 
be arc welded and resistance welded. 

Gas welding is recommended only as 


an emergency repair. Fig. 18-21 lists 
the weldable magnesium alloys. 

Magnesium oxidizes very rapidly 
when heated to its melting point. In 
fact, when small shavings are thus 
heated, the magnesium will burn spon- 
taneously and leave a white ash, This 
burning and white ash is one way to 
identify the metal, BE CAREFUL TO 
USE ONLY A VERY SMALL AMOUNT 
OF SCRAPINGS OR SHAVINGS. 

The most popular magnesium alloys 
are those with aluminum and zinc 
added. These are the AZ series (A for 
aluminum and Z for zinc). 

The high zinc alloys are weldable by 
the spot and seam processes. These 
alloys are the ZH and ZK series, The 
usual arc or gas processes are not 
recommended for welding these alloys. 


18-43. WELDING DIE CASTINGS 
(WHITE METAL) 


Die castings are metal-alloy castings 
(sometimes called white metal) cast 
in iron and steel molds (dies) under 
pressure or by gravity. The same die 
(or mold) may be used many times 
and the finished article requires very 
little machining or finishing. Die cast- 
ings may be cast to an accuracy of.001 
inch. Die casting alloys are usually 
alloys of high zinc, high aluminum, or 
high magnesium content. These cast- 
ings are brittle and break rather easily, 
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but because of the ease of manufacture, 
many articles are now being made 
this way. Failure due to breakage be- 
cause of the brittleness produces con- 
siderable demand for repair welding of 
these castings. 

To weld a die casting successfully, 
you should know the constituent metals 
in the alloy, The zinc casting is heav- 
iest, the magnesium casting lightest, 
while the aluminum casting is in be- 
tween in weight. Zinc die castings are 
the most common, The zinc die cast- 
ings melt at about 725 deg. F. while 


the magnesium and aluminum castings. 


melt at about 1100 to 1200 deg. F. Zinc 
alloy die castings are very difficult 
metals to weld because of their low 
melting temperature and high rate of 
oxidation, Some typical die casting al- 
loys are shown in Fig. 18-22. 


during and after welding. Fig. 18-23 
shows a die casting placed in a tem- 
porary mold being welded, Fig. 18-24 
shows carbon paste and carbon plates 
used to form molds for controlling weld 
metal, A heavy carburizing flameshould 
be used and the usual welding procedure 
followed. A very small tip is recom- 
mended, You must be careful because 
the metal melts before it changes color. 
Use the welding rod to break the sur- 
face oxides as welding metal is being 
added, The welder may use a steel or 
brass paddle to smooth the surface of 
the weld and to remove oxide inclu- 
sions. 

Another successful method of repair- 
ing die castings is to use a soldering 
copper to melt the metal, An oxyacet- 
ylene torch is used to keep the body of 
the copper at a red heat while the point 


ALLOY ALLOY ALLOY 

METAL NO. 1 NO. 2* NO. 3* 
Zinc, percent 5 
Aluminum, percent 3 
Copper, percent 4 ] 4-15 
Tin, percent 8 4 70-90 
Antimony, percent 15 Trace 
Lead, percent 80 
Melting Temperature, deg. F. 852 550 675 


* Soldering is recommended for repairing these alloys rather than welding. 


Fig. 18-22. Table of three die casting alloys. 


The welding rod should be of the 
same composition as the original metal, 
if possible; although one may purchase 
die casting welding rods for general 
repair, 

Die casting is prepared for welding 
just as other metals. It must be cham- 
fered if there is a thick section, It 
must be thoroughly cleaned, Any plat- 
ing must be ground away in the area to 
be welded, It must be backed up with 
carbon paste or blocks if possible. The 
parts must be firmly supported before, 


of the copper heats the die casting and 
fuses the two pieces together, The 
torch flame is not put on the die cast- 
ing at all unless the casting requires 
preheating. This method is especially 
successful when repairing smallsec- 
tions. 


18-44. WELDING COPPER 
AND COPPER ALLOYS 


Copper and most of its alloys can be 
welded, There are two kinds of copper: 
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Fig. 18-23. Preparing a die casting for welding by 
forming a mold of carbon or asbestos paste around 
the fracture. 


1. Electrolytic - 99,90 percent cop- 
per minimum, Oxygen .04 percent. 

2. Deoxidized - 99,50 percent copper 
minimum, Phosphorus .015 to.040 per- 
cen 

Copper has a high specific heat and 
consequently it heats at about half the 
rate of aluminum. Both copper and 
aluminum have higher heat conductivity 
than steel, 

Some copper alloys are: 

1. Copper and Zinc (Brass) 

Gilding - 94 to 96 percent Copper - 
Zinc Remainder, 

Commercial Bronze - 89 to 91 
percent Copper - Zinc Remain- 
der. 

Red Brass - 84 to 86 percent Cop- 
per - Zinc Remainder. 

Low Brass - 80 percent Copper - 
Zinc Remainder. 

Cartridge Brass - 70 percent 
Copper - Zinc Remainder. 

Yellow Brass - 65 percent Cop- 
per - Zinc Remainder. 

Muntz Metal - 61 percent Copper- 
Zine Remainder. 

Admiralty - 71.5 percent Copper- 
1.1 percent Tin - Zinc Remain- 
der. 

Naval Brass - 61 percent Copper- 
0.75 percent Tin - Zinc Remain- 
der. 

Manganese Bronze - 58.5 percent 
Copper - 1.00 percent Tin - 1.4 


percent Iron - 0.5 percent Man- 
ganese (Maximum) -ZincRemain- 
der. 

Aluminum Brass - 77.5 percent 
Copper - Aluminum 2.2 percent 
Zinc Remainder, 

2. Copper and Tin (Bronze) 


Grade A - .19 percent Phosphorus- 
94.0 percent Copper - 3.6 per- 
cent Tin. 


Grade C -.15 percent Phosphorus- 
90.5 percent Copper - 8.0 per- 
cent Tin. 

Grade D -.15 percent Phospho- 
rus - 88,5 percent Copper - 10.0 
percent Tin. | 

Grade E - .25 percent Phospho- 
rus - 95.5 percent Copper - 1.25 
percent Tin. 

Alloys of copper are used a great 
deal, mainly because of their ductil- 
ity, which enables them to be worked 
easily and shaped into many compli- 
cated patterns. These alloys are used 
in both cast and wrought forms, They 
are resistant to certain kinds of cor- 
rosion, and are good conductors of heat 
and electricity. Copper alloys may be 
recognized by their characteristic red 
or yellow color. 

Pure deoxidized copper is compara- 
tively easy to weld, while some alloys 
of copper are difficult to weld, In order 
to test a specimen to determine if it 
may be easily welded, quickly heat a 
sample of the metal with a torch to the 
molten state, If the puddle remains 
quiet, clear, and shiny, it indicates the 
metal is comparatively pure copper, 
and that it will be easy to weld. How- 
ever, if the puddle boils vigorously 
and gives off a quantity of gaseous 
fumes, this indicates ingredients in 
the metal that make it difficult to weld, 

Annealed deoxidized copper has a 
tensile strength of 30,000 - 35,000 lbs. 
per sq. in. and may be welded with the 
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oxyacetylene process to produce full 
strength welds. 

The tensile strength of annealed elec- 
trolytic copper is 30,000 to 35,000 lbs. 
per sq. in. When welding electrolytic 
copper the cuprous oxide redistributes 
itself in the area just outside the weld 
and weakens the zone next to the weld. 
It is difficult to obtain a weld with a 
strength greater than 70 - 87 percent 
of the annealed base metal, 

When using the oxyacetylene flame 
to weld electrolytic copper the hydro- 
gen in the flame penetrates the metal 
just back of the line of fusion and re- 
duces the tensile strength in this area 
by about 50 percent. 

Also if the metal sample is brittle 
and breaks easily, this is an indication 
of alloying elements or impurities. The 
alloying elements which make welding 
copper alloys most difficult are: bis- 
muth, antimony, and arsenic, Phos- 
phorus, insmall quantities makes weld- 
ing copper easier. 


18-45. OXYACETYLENE 
WELDING COPPER 


Copper and its alloys may be welded 
with either the oxyacetylene or the 
electric arc process, and the general 
procedure is similar to that followed in 
welding steel. No flux is needed when 
welding pure copper. However, in weld- 
ing copper alloys a flux is required. 
The physical properties of copper re- 
quire certain changes in the welding 
procedure, Welds on copper inits com- 
mercial state, produce poor welds us- 
ually because of the cuprous oxide dis- 
solved in it. Commercial copper after 
welding canbe strengthened by mechan- 
ically working it. The weakest point of 
a copper weldis next to the joint, Always 
use specially prepared welding rods for 


copper welding in order to obtain de- 
oxidized copper. One difficulty encoun- 
tered in welding copper is the elimin- 
ation of blow holes and gas bubbles in 
the finished weld. This may be partially 
remedied by the use of small quantities 
of phosphorus in the welding rod. When 
welding copper, it must be remembered 
that because of the rapid conduction of 
heat a tip larger than normal must be 
used. 


18-46. ELECTRIC ARC 
WELDING COPPER 


Copper may be arc welded success- 
fully using the "long" (high voltage) car- 
bon arc. Set the welding machine on 
straight polarity and with a voltage of 
40 to 60 volts. 

A copper weld should always be 
backed by a steel plate during the weld- 
ing operation, 

Inert gas arc welding of copper is 
also successful, Either the tungsten 
electrode, with welding rod, or the met- 
alelectrode method can be used. 

Nitrogen gas may be used with good 
results, Argon gas may also be used. 
Nitrogen gas does cause some spatter 
but its use allows thicker one pass 
welds. A mixture of nitrogen gas and 
argon gas has proven very successful, 
the ratios vary between 80 percent 
argon 20 percent nitrogen and 85 per- 
cent argon and 15 percent nitrogen. 

The consumable electrode is usually 
a boron alloy of deoxidized copper. 
When welding thick copper plates, twin 
consumable electrode heads,side by 
side with a U-bevel edge preparation, 
have given good results, The drooping 
curve type generator is recommended 
for copper arc welding. 

Carbon electrode arc welding may 
also be successfully used to weld cop- 
per. 
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18-47, OXYACETYLENE 
WELDING BRASS 


Brass consists of an alloy of copper 
and zinc, the proportion of the two met- 
als being variable (10 to 40 percent 
zinc). Occasionally other metals are 
added to the alloy. These, however, do 
not usually affect the welding proce- 
dure, The alloy has a much brighter 
appearance (more yellow) than pure 
copper, It is a very common alloy and 
is easily recognized, 

The alloy is not as ductile as copper, 
but it does have a higher tensil strength, 
and its resistance to certain corrosive 
action is better than that of pure cop- 
per. 

Brass is more difficult to weld than 
copper, because some of the zinc, 
under the high temperature that is re- 
quired to melt the copper in the alloy 
will vaporize, forming irritating fumes 
which destroy the proportions of the 
metals in the alloy. The welder should 
make certain that he has excellent 
ventilation and he must avoid breath- 
ing the zinc dust and zinc oxide fumes. 

When welding brass the proportions 
of the two metals should be known, and 
the welding rod used should be of a sim- 
ilar alloy. If the color of the parent 
metal and of the welding rod is the 
same this color will usually indicate 
that the alloys are approximately the 
same, It is more important to use good 
flux in welding brass than in welding 
copper. Fresh, chemically-clean 
borax paste may be satisfactorily used. 
The torch flame should be slightly ox- 
idizing to reduce the zinc fumes, and 
to reduce the tendency for gas pockets 
to form. A carburizing flame has a 
tendency to form gas pockets, and to 
permit the weld to accumulate too much 
width, wasting heat. 

One of the most common applica- 
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Fig. 18-24. Carbon block and paste backing as used 
in typical welding applications. 


tions of brass welding is the use of 
brass welding rod to fuse two differ- 
ent steels together or to join unlike 
metals together. This practice ofusing 
brass as a joining metal is sometimes 
called hard soldering. The correct 
term however, is brazing. Brazing is 
described in detail in CHAPTER 16, 
A good flux is necessary when brazing. 
Chlorides are the principalingredients 
for brazing fluxes, 

Carbon blocks will be found a handy 
accessory as backing material, es- 
pecially when there is danger of the 
weld penetrating too much, Fig, 18-24, 
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18-48, ELECTRIC ARC 
WELDING BRASS 


Special electrodes are available for 
arc welding brass. The metal is pre- 
pared in a manner similar to the prep- 
aration of the metal for oxyacetylene 
welding. Reversed polarity is common- 
ly used and a slightly higher current 
(10 to 20 percent) is used than for steel 
of the same thickness, The welds should 
be backed with steel or carbon plate 
and should be preheated. Typical elec- 
trode motions are recommended, A 
short arc should be maintained. Weld 
in a flat position, if possible, The weld 
should show a clean,slightly crowned 
appearance after the slag has been re- 
moved by chipping. 

The gas tungsten-are welding pro- 
cess may be successfully used for weld- 
ing brass. The metal may also be welded 
using a double electrode carbon arc 
with only reflected heat melting the 
metal, 


18-49. OXYACETYLENE 
WELDING BRONZE 


Bronze is an alloy of copper and tin 
in various proportions, Some of the 
bronze alloys may also have lead con- 
tent, Bronze is very resistant to cor- 
rosion, Its resistance is greater than 
that of the brass alloys. Alsoitis easier 
to weld than brass alloys, since the tin 
does not have the tendency to separate 
from the copper in the molten state. 

An oxidizing flame should be used 
for this type of welding to eliminate 
fumes as much as possible. 

The three metals, copper, tin, lead 
become liquid without appreciably 
changing their color, which is one of 
the reasons the beginner experiences 
difficulty when welding them, However, 
a little practice soon overcomes this 
difficulty. 


The edges to be welded together 
should be chamfered so the total angle 
will be approximately 90 deg. Backing 
material is recommended. Welding 
rods of the same alloys as the parent 
metal should be used when welding both 
brass and bronze, 


18-50. ARC WELDING BRONZE 


Metallic bronze electrodes, heavily 
covered (coated) are used to weld 
bronze. This process is rather expen- 
sive and is not as popular as the oxy- 
acetylene method. Use reversed polar- 
ity with a short are and back the weld 
with a steel or carbon plate, As in 
brass welding, use a slightly higher 
current than is used for steel of the 
same thickness. 

Bronze can also be welded using the 
gas tungsten-arc welding process, 

The carbon-are process is also us- 
able for welding bronze. 


18-51. WELDING COPPER - 
NICKEL ALLOYS 


The cupro-nickel alloys are very 
corrosion resistant and have a good hot 
strength character. These alloys have 
many uses. 

Cupro-nickel alloys have been popu- 
lar for years in marine service where 
salt water and hot condenser tempera- 
tures are involved, They are also used 
in many kinds of food processing equip- 
ment. 

The alloys vary from 2.5 percent 
nickel to 30 percent with the 10 percent 
nickel and the 30 percent nickel alloys 
being most common, 

These alloys can be soldered, brazed 
and welded. 

Gas arc welding is usually preferred 
to oxyacetylene welding. Either the 
tungsten electrode, or the consumable 
electrode methods are used with helium 
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ch. This torch may be used to cut any metal at high speed. Arc heated air 
ive clothing worn by the operator. (Thermal Dynamics Corp.) 


A hand held plasma-arc cutting tor 
is used as the operating gas. Note the protect 
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or argon gas. If a welding rod is used, 
it should be of the same composition 
as the base metal. 


18-52. WELDING LEAD 


Lead is a ductile metal having a high 
resistance to corrosion by certain 
chemicals, It is used as a metal for 
tanks, cylinders, and aslining material 
for containers used to hold corrosive 
chemicals, The most common use for 
lead welding is in connecting the parts 
of the lead-acid (automobile) storage 
battery. 

The procedure to follow when weld- 
ing lead is simple. The metaledges are 
cleaned, Then, using an oxyacetylene 
torch and a cast welding rod, the edges 
are fused together by an operation sim- 
ilar to steel welding. The lead does not 
change color upon becoming molten, 
but this offers no serious difficulties. 
The joint should be backed, if possible, 
to prevent sagging of the metal upon 
securing penetration. Inasmuch as lead 
melts at approximately 620 deg. F., the 
welder will be likely to overheat the 
weld at first, Fig. 18-25, shows a lead 
weld in progress. 

Lead can also be welded using the 
gas tungsten-arc welding process. 


LEAD FUMES ARE VERY DANGER- 
OUS-DO NOT OVERHEAT-USE GOOD 
VENTILATION, 


18- 53. WELDING TITANIUM 


Titanium, a newer commercial met- 
al, is one of the most corrosion resist- 
ant metals, It is one of the more expen- 
sive structural metals, and it is diffi- 
cult to shape. The metal is used where 
considerable corrosion resistance is 
required particularly in missile, 
rocket, space craft, andairplane parts. 


Titanium is weldable; this process 
being one ofthe most common assembly 
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Fig. 18-25. Lead butt joint being gas welded. 


processes, The parts must be carefully 
designed andfixturedto obtain success- 


ful welds, Copper chill bars are used 
in the fixtures to minimize heat spread 
and to cool the weld quickly. 

Titanium will readily absorb oxygen, 
nitrogen and hydrogen as it is heated, 
for which reason the inert gas arc 
welding processes are recommended 
for welding this metal, 

There are several titanium alloys. 
Some with good weldability are: RC 55, 
Ti 75, RC 70, RS 70, Ti 100, RC-A 110 
AG 

One with fair welding characteristics 
is RS 110 BX, 

The metal must be thoroughly cleaned 
prior to welding. After weld completion 
the weld must be kept in the inert gas 
atmosphere until it has cooled to 1000 
deg. F, or below. 

When tungsten electrode welding you 
should keep the end of the welding rod 
in the gas atmosphere during the whole 
weld operation, The inert gas should be 
fed to both sides of the weld, 


18-54. WELDING BERYLLIUM 


Beryllium is also one of the newer 
commercial metals, the use of which 
has been promoted by demands of the 
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space age. It is lighter than aluminum 
and has a fairly high melting temper- 
ature. Its tensile strength is approxi- 
mately 55,000 psi. It is used for such 
items as nose cones, brake discs and 
reentry units. It is a very expensive 
metal. It can be resistance welded and 
it can be gas arc welded, AC with high 
frequency is usually used in conjunction 
with tungsten electrodes, Beryllium 
welding rod is used, The inert gas 
used should be a mixture of 50 percent 
argon and 50 percent helium, Approx- 
imately 55 amperes are used for 
.050-in, stock up to approximately 160 
amps. for .250-in, stock. About 30 cfm 
gas flow has been found adequate. 


18-55. WELDING ZIRCONIUM 


Zirconium is a rare metal now being 
used commercially. Its unique proper- 
ties make it useful for astronautic ap- 
plications and for new chemical and 
nuclear energy uses. 

Zirconium is weldable using the inert 
gas tungsten-arc process. The metal 
must be both chemically and mechan- 
ically cleaned. It must be very care- 
fully fixtured, and the weld is best done 
in a 100 percent inert gas atmosphere. 


18-56. WELDING DISSIMILAR 
METALS 


It is possible to weld together dis- 
similar nonferrous metals such as: 
Aluminum to copper, Aluminium to 
lead, Copper to lead, and many other 
combinations. 

Steel and some ofthe stainless steels 
can be weldedto such metals as alumin- 
um, copper, and others. 

In most cases, arc welding and oxy- 
acetylene welding have not proven as 
successful as resistance welding, sonic 
welding and/or cold welding. 


18-57. PLASTICS 


Plastics are used for a large variety 
of component parts in manufactured 
articles. These plastics have a great 
variation of chemical compositions and 
physical characteristics, However, re- 
gardless of their properties or form, 
plastics all fall into one of two groups-- 
the thermoplastic or the thermosetting 
types. 

The thermoplastic group become soft 
and capable of being formed when heat- 
ed. These plastics harden when cooled. 
Thermoplastics may be reheated and 
reformed repeatedly. 

These plastics fall into the thermo- 
plastic group classification: Acrylic, 
Cellulosic, Acetal resin, Nylon, Vinyl, 
Polyethylene, Polystyrene, Polyvinyli- 
dene, Polypropylene, Polycarbonate, 
Polyfluorocarbon. 

The thermosetting plastics, once 
formed and cooled, cannot be reheated 
and reformed, 

Thermosetting plastcs include: 
Aminoplastic, Phenolic, Polyester, Si- 
licone, Alkyd, Epoxy, Casein, Allylic. 


Fig. 18-26. Cross section of plastic butt joint weld- 
ed on both sides. 
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18-58. PLASTIC WELDING 
PRINCIPLES 


"Thermoplastics may be weldedinthe 
same manner as metal, All joint de- 
signs may be used and successful welds 
are possible in various positions. The 
joints must be cleaned carefully if the 
welds are to be of high quality, 

The welding rod must be of the 
same composition as the plastic being 
welded. Fig. 18-26, shows a butt joint 
and Fig. 18-27 a fillet weld on plastic 


Fig. 18-27. Cross section of a plastic T-joint welded 
on both sides. (Laramy Products Co.) 


using plastic welding rods. Plastic 
welding rods may be obtained in round, 
oval, triangular, or flat-strip forms. 


Fig. 18-28. Complete plastic welding outfit. 


The welders choice of welding rod 
shape is affected by the shape of the 
joint, the thickness of the plastics to 
be welded, and the welding equipment 
to be used. 

As an example, if a thick bevel 
weld is to be made, atriangular-shaped 
rod may be used, Using a triangular- 
shaped rod will partially eliminate the 
multiple passes required with a round 
rod, 


18-59. PLASTICS WELDING 
EQUIPMENT 


Heat for plastic welding may be sup- 
lied by a heated gas (either compressed 
air or inert gas), which passes through 
the welding torch where it is heated 
and then is directed onto the surface 
of the joint. No flame touches the joint, 
only the heated gas. 

Either electrically heated coils or 
flame heated coils may be used to 
heat the gas as it flows through the 
torch, Fig. 18-28 shows a complete 
plastic welding station, Fig. 18-29 il- 
lustrates a welding torch used for plas- 
tic welding. This torch uses an electric 
coil element to heat the welding gas as 
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(Laramy Products Co.) 
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Fig. 18-29. Welding torch, designed for welding plastics, which uses an electric 


heating coil to heat welding gas. 
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Fig. 18-30. Welding torch for welding plastics. This 
torch uses gas fueled flame to heat compressed air 
or inert welding gas used to fuse the plastic. 


it passes through the torch tothe weld- 
ing tip. The torch is held in one hand 
and the plastic welding rod is fed to 
the weld area with the other hand, Fig. 
18-30, illustrates a torch which uses 
a gas fueled flame to heat the gas used 
for welding. 
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Fig. 18-31. Speed welding tip for welding plastics. 


Fig. 18-31, shows a tip in which the 
plastic rod is fed through one section 
of the tip while the area ahead of the 
rod is heated to fusion temperature. 
An electric welding torch is shown in 
Fig. 18-32, with a speed welding tip 


Fig. 18-32. Speed welding torch being used to weld a plastic butt joint. 
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Fig. 18-33. Plastic butt joint being welded using 
plastic strip as joining material. Note special shape 
of strip guide and of hot gas tip. 


installed. A light uniform pressure on 
the plastic rod is required while light 
downward pressure is exerted on the 
torch to press the rod into the heated 
weld area, 

If the weld seam warrants it, the 
welding rod may be in a strip form. 
The strip is applied in a manner sim- 
ilar to the rod shape using a special 
speed welding tip, Fig. 18-33. 

The welding gas may be inert gas, 
or compressed air. To regulate the 
welding gas temperature, decrease the 
welding gas volume to increase the 
temperature; and increase the welding 
gas volume to decrease its tempera- 
ture. This is possible because, withthe 
gas flowing slowly over the heating 
element it picks up more heat and 
with the gas flowing rapidly over the 
heating element it picks up less heat. 

To change the heating capacity ofthe 
torch, the tip size is changed, The 
torch heats the welding gas to450 - 800 
deg. F. This heated gas is directed to 
the the weld area where it heats the 
joint and the welding rod toa soft state, 
While both the joint and rod are soft, 
(plastic) they are forced together by 


hand with about 3 lbs. of pressure. The 
surfaces of the joint and welding rod 
bond, When they cool the weldis accom- 
plished. 

Four things are necessary toaccom- 
plish a good weld on plastics: 

1. Correct welding temperature. 

2. Correct pressure on welding rod, 

3. Correct welding rod angle. 

4, Correct welding speed. 


18-60. TYPES OF PIPES 


The common practice for many years 
has been to connect sections of pipe to 
the proper fitting, or to each other, by 
means of the Briggs Standard Pipe 
Thread. These threads, being of a ta- 
pered construction, are self-sealing 
and make a tight joint. However, the 
cutting of the threads on the different 
sections of the pipe necessitates con- 
siderable labor; also the cutting of the 
pipe to accurate lengths requires skill. 
The threads become more difficult to 
make as the pipe becomes larger. 

The size of the pipe is measured 
according to its inside diameter, and 
the thickness of wall usually varies 
according to the diameter of the pipe. 
Generally, the larger the pipe, the 
greater the wall thickness, There are 
several standard types of metal pipe: 

1. Cast iron. 

2. Wrought iron. 

3. Single strength, low-carbon steel, 

4. Double strength, low-carbon steel. 

5. Steel alloy pipe. 

6. Copper and brass pipe. 

Cast iron pipe is seamless pipe 
formed in a mold. The properties of 
cast iron are such that the sections of 
the pipe cannot be fastened together by 
means of threads, but must be con- 
nected by the shoulder type of con- 
struction. This limits the use of cast 
iron pipe to low pressure installations, 
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such as drainage work and the like. 
Fig. 18-34, shows three types of me- 
chanical pipe butt joints. 


years copper and brass pipe have come 
into extensive use for water and refrig- 
erant lines, This pipe is usually con- 
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Fig. 18-34. Mechanical pipe butt joints. 


Wrought iron pipe is made of aniron 
with practically no carbon present, but 
slag is usually found in the material. 
Wrought iron pipe may be threaded, but 
it will not stand up under excessive 
pressure because the pipe is made by 
rolling flat stock into a cylindrical 
shape; and the seams are either press 
welded or fusion welded. 

Mild steel and double strength pipe 
may either be seamed or seamless 
pipe. The seamed pipe is fabricated 
just as wrought iron pipe, but the seam- 
less pipe is fabricated from solid bar 
stock, and the pipe is drawn through 
special dies, Seamless pipe has con- 
siderably more strength and can be used 
for much higher pressure work than 
seamed pipe. The double strength pipe 
uses the same carbon steel, but the 
wall thickness is greater. This pipe 
is used for higher pressure pipe lines. 

Stainless steel and other noncorro- 
sive steel alloys are used whenever 
corrosive chemicals are carried in a 
piping system. During the last few 


nected by means of the soldered joint, 
using "streamline fittings." (See 
CHAPTERS 15 and 16). Fig. 18-35, 
shows various types of welded, brazed 
and soldered pipe butt joints. 

Plastic pipe and tubes are alsobeing 
used where highly corrosive chemicals 
are being transported at low pressure, 
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Fig. 18-35. Cross sections of pipe and tube butt joints 
joined by welding, brazing, and soldering. 


18-35 


Modern Welding 


Plastic pipes are alsoused in low pres- 
sure systems which are laid in water 
or in the ground since the plastic used 
is free from corrosion, 

Aluminum alloy pipe and tubing is 
also finding wide use, Aluminum tubing 
may be soldered or brazed relatively 
easily with the fluxes recently devel- 
oped, Aluminum pipes can also be 
welded using automatic machines. 


18-61. TYPES OF TUBES 


Tubing is thin wall pipe. Some tubing 
is flexible and because the wall is thin 
it cannot be threaded. One of the most 
popular metals used inthe construction 
of tubing is copper. Steeland aluminum 
are also used as tubing materials, In 
the fabrication of automatic machinery, 
in refrigerating systems, inautomo- 
biles, and in many other applications, 
tubing is found to be the most satis- 
factory method of transmitting fluids. 
Tubing is available in the flexible (soft) 
form and in the rigid (hard) form, The 
size of tubing is measured by its out- 
side diameter (OD). When the direc- 
tion of the run is changed, soft tubing 
may be easily bent to conform with the 
change in direction, whereas hard tub- 
ing and pipe necessitates the use of 
appropriate fittings. Tubing is obtain- 
able in different strengths, and is also 
manufactured in both the seamed and 
seamless construction, 

Seamless tubing is made by piercing 
a piece of metal and drawing the metal 
through a die and over a mandrel or 
by forcing a pierced piece of metal 
over a mandrel by means of rollers as 
shown in Fig. 18-36, 

Seamed tubing is made by: 

1. Rolling flat stock into a cylinder 
and welding the seam. 

2. Rolling thin flat stock into a two 
metal layer cylinder and then furnace- 
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Fig. 18-36. Forming seamless tubing from a solid rod. 
(Michigan Seamless Tube Co.) 
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Fig. 18-37. Cross section of seamed tubing which has 
been furnace brazed. Note macrograph of brazed tubing 


at center of photograph. (Bundy Tubing Co.) 


brazing the lapped surfaces as shown 
in Fig. 18-37. A brazed joint is shown 
in Fig, 18-38. 
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Fig. 18-38. Microphotograph showing adhesion in 
brazed tubing joint. 


A recent development in the plumb- 
ing, heating, and refrigeration indus- 
tries is the use of copper pipe. Copper 
pipe is nonflexible, heavy-duty piping, 
having a wall thickness somewhat less 
than steel piping. Its size is based on 
its internal diameter. Copper pipe is 
used extensively in plumbing work. 
However, its test pressure of approx- 
imately 800 psi prohibitsits use in very 
high pressure work. The joints made 


in copper pipe are either soldered or 
silver brazed as the thickness of the 
copper makes it impractical to thread 
the copper pipe. 

The aircraft industry uses special, 
seamless, steel tubing of special alloy. 
Aircraft tubing is seldom bent and is 
joined by welding. 

Tubing standards have been es- 
tablished by the American Society of 
Mechanical Engineers, the American 
Society for Testing Materials, the So- 
ciety of Automotive Engineers and the 
U. S. Government (MIL specifications). 

Tubing is available in various cross 
section shapes: 

1. Round, 

2. Square. 

3. Rectangular. 

4, Hexagonal. 

5. Octagonal, 

6. Streamline, 

7. Oval. 

8, Irregular shapes. 


18-62. METHODS OF JOINING PIPE 


Steel pipes may be joined together, 
or joined to fittings by: 

1. Pipe threads. 

2. Flange fittings. 

3. Welded joints. 

The method of joining by threads has 
been previously explained. 

The flange method incorporates the 
use of threads, but the final connection 
of the two sectionsis by means of flange 
bolts, which clamp the flanges together 
with a gasket between the two flanges. 
This constructionis popular in threaded 
pipe installations where it is thought 
that dismantling might occasionally be 
necessary. 

The welding of pipe joints is a pop- 
ular means of making a pipe installa- 
tion. The advantages of welding piping 
are neatness, compactness, rapidity, 
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Fig. 18-39. Comparison of pipe joint designs. 
(Air Reduction Sales Co.) 


and low cost. Avariety of welding joints 
are shown in Fig. 18-39. Pipe welding 
may be performed by using either the 
oxyacetylene or the arc method, Manual 
and automatic types of arc welding are 
used more often since the arc method 
is less expensive and faster, 

When pipe is butt welded in a pro- 
duction plant, the flash welding tech- 
nique or the friction welding technique 
is often used. 


18-63. METHODS OF 
JOINING TUBING 


Tubing joints may be made by: 

1. Compression fitting. 

2. Flared fitting. 

3, Quick couplers. 

4. Soldering. 

5. Brazing. 

6, Welding. 

Compression fittings and flared fit- 
tings are used on small copper tubing 
connections. These fittings are com- 
monly used with the seamed type of 
tubing (automobiles) or low-pressure 
systems, whereas the flared connection 
is used where seamless tubing is used 
in high-pressure systems such as some 
refrigeration systems. 

Quick couplers are fittings that are 
spring loaded, gasketed assemblies 
that enable quick assembly and dis- 
mantling of tubing systems without loss 
of the fluid, Fig. 18-40, shows a quick 
coupler fitting. 


Soldered connections utilize special 
fittings, having receptacles accurately 
sized for the tubing insertion, The 
solder is admitted between the tubing 
and the fitting, where it forms a thin 
film and strongly binds the two pieces 
of metal together, The soldered con- 
nection may be used for seamed tubing, 
seamless tubing, or for copper pipe. 

Brazing and welding of copper tubing, 
or copper pipe, is very rarely done; but 
when it is performed, no special diffi- 
culties are encountered. Brazing of 
copper tubing and pipe occurs when the 
metal is to be attached to a different 
metal, or where corrosion is possible, 
Where copper pipe is to be attached to 
a copper fitting, or to another section 
of copper pipe, the joint may be welded, 


18-64. CODE REQUIREMENTS 


Special applications of welding 
piping, steel tubing, copper tubing, and 
copper pipe in certain localities are 
covered by a welding code or codes 
necessitating that certain requirements 
be met before the welds may be used, 
These requirements usually concern 
high-pressure work, including steam 
and air, or where corrosive fluids are 
carried, In aircraft work the Federal 
Aeronautics Administration (FAA) 
maintains a crew of inspectors who 
judge whether the welding of the air- 
craft tubing is sufficiently well done 


Fig. 18-40. Quick couple used for tubing joints which 

need easy and fast connecting and disconnecting such 

as in hydraulic, pneumatic, water, or refrigerant lines. 
(Aeroquip Corp.) 
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Fig. 18-41. Pipe joint fittings. Such fittings are commercially made in various sizes and thick- 


nesses of steels and steel alloys. 


to permit its use. Various insurance 
organizations require that all welding, 
which is done on properties they have 
insured, must be done by men who have 
passed qualification tests they have 
established. 


18-65. PIPE JOINTS 


As mentioned in the preceding para- 
graph, piping must be carefully pre- 
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Fig. 18-42. Commercially fabricated pipe elbow fit- 
ting designed for welded joints. The 6-.280 means 6- 
in. pipe with = .280 wall thickness. 


(Tube Turns-Div. of Chemetron Corp.) 


fabricated to insure strong and neat 
welds. Many companies now carry in 
stock, elbows, adapters, tees, etc., 
which are made especially for use in 
pipe welding. The ready-to-use weld 
fittings with chamfered edges which are 
available to the pipe welding trade in- 
clude tees, 90 and 45 deg. elbows, weld- 
ing neck flanges, concentric reducers, 
lateral nipples, straight nipples, eccen- 
tric reducers, saddle-caps, reducing 
tees, and 180 deg. return bends, Fig. 
18-41. These fittings may be obtained 
in various sizes, and are stocked by 
wholesale pipe establishments. You 
must be sure to specify the proper 
kind and size of fitting when ordering. 
Fig. 18-42, illustrates a method used 
to identify a particular fitting. 

When preparing pipe for welding, the 
contour of the chamfer is important, 
The angle of the chamfer is recom- 
mended to be approximately 22-1/2 
deg., 30 deg., or 45 deg. from the ver- 
tical. The depth of the chamfer depends 
somewhat on the thickness of the metal. 
Under no circumstances is it to extend 
through the full thickness of the met- 
al, but instead should extend to within 
approximately 1/16 in. of the inside 
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of the pipe to insure adequate penetra- 
tion as shown in Fig. 18-43. A method 
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Fig. 18-43. Pipe joint preparation. The bevel angles, 
root and spacing dimensions vary with different 
applications. 


for preparing a butt pipe joint for weld- 
ing is illustrated in Fig. 18-44, This 
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Fig. 18-44. Backing ring for pipe butt joints. This 
device aligns the pipe and also helps control the pene- 
tration. The ring is for 6-in. ID pipe. 

(Tube Turns, Div. Chemetron Corp.) 


shows a backing ring which spaces the 
pipes and helps to control penetration. 
The beveling of the ends of a pipe 


may be done withan oxyacetylene torch, 
by machining, or by grinding. A hand 
operated oxyacetylene beveling ma- 
chine is illustrated in Fig. 18-45. A 
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Fig. 18-45. Hand-operated pipe beveling machine. 

Note the hand crank and gearing and angle adjust- 

ment for flame cutting head. The pipe being cut is 22 
in. in diameter. 


motorized oxyacetylene pipe beveling 
machine witha device for cutting shapes 
such as saddles, is shown in Fig. 18-46, 


18-66. LAYOUT OF PIPE 
AND TUBE JOINTS 


Cutting of pieces of pipe to fit one 
another when the pipe is placed at var- 
ious angles necessitates knowing the 
irregular curves of the contact. 

Many times, a pipe welder is forced 
to fabricate or manufacture his own 
fittings, or to prepare special joints 
when connecting pipes. A fundamental 
knowledge of geometry (especially de- 
scriptive) may be used to good advan- 
tage for this type of layout. Several 
practical methods have been developed, 
however, which solve most ofthe prob- 
lems encountered. 

Paper or sheet metal templets laid 
out on a drafting board and cut out for 
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Fig. 18-46. Motor-driven pipe beveling machine with shape cutting attachment. 
(H and M Pipe Beveling Machine Co.) 


18-41 


£C E £C 


l'ivW3d 


A 


31VW Sent 


wal ON 


ceo 


| I= 


Zl “LX ocd 
ON 
Q D Ó b O Q | D Ó 
gaonaasa elxc 
3 1vw34 


9l 


rat 
ON 


Fig. 18-47. Geometric curves for various pipe joints on 2-in. dia. pipe. (Air Reduction Sales Co.) 


18-42 


Special Welding Applications 


shop use are in common use, as shown on one pipe and sliding it around the 
ud Figs. 18-47, and 18-48. Special de- pipe while keeping the soapstone in 
vices are also used to determine the line with the center line of the pipe to 
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Fig. 18-48. Preparing paper or metal template (layout) for 60 deg. angle pipe joint. 


shape of the curves, as shown in Fig. 
18-49, Another method used, is placing 
the two or more pipes in their proper 
alignment and laying a soapstone pencil 


Fig. 18-50. Specialfixture 
used to mark pipe for cutting. 


mark both the opening shape and the 

shape of the pipe end, Special mechan- 

isms may be purchased which aid in 
| making correct pipe layouts. 

Many special mechanisms have been 

Fig. 18-49. Method used to determine shape of end of developed to aid in producing accurate 

pipe for T-joint. (Linde Co.) layouts quickly and easily. Fig. 18-50, 
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illustrates a fixture for marking pipe 
at an angle. Note the protractor and 
the freedom of the arm to travel all 
around the pipe. The fixture uses mag- 
nets to hold it in place. 


180 DEG. FIXTURE 
(BUTT JOINTS) 


For irregular joints and for final 
assembly, manual welding is the only 
method available. 

As in all welding, pipes must be 
firmly held and the pieces accurately 
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Fig. 18-51. Fixtures for holding pipes while they are being welded. 
(Wales Strippit, Inc.) 


18-67. PIPE WELDING 


The method to use when welding pipe 
is dependent on the kind of pipe, size, 
and location of welds. Many types of 
joints are encountered in pipe welding. 
These joints include Butt and T-Joints 
in all positions, Elbow Pipe Connec- 
tions, and the adapting of different 
sizes of pipe. Pipe welding of a more 
simple nature, butt joints for example, 
may be done on automatic machines. 
These machines are of two types: 

1. Where the flame or arc travels 
around the pipe and welds the metals 
together. 

2. More commonly, the pipe is rolled 
and a fixed position arc or flame per- 
forms the welding. 


aligned and spaced if the welds are to 
be successful, Fig. 18-51, shows afix- 
ture for holding two pipes at any de- 
sired angle to each other as longasthe 
pipes are in the same plane. The fix- 
ture itself can be clamped or bolted 
to a bench or some other support, If a 
fixture is not available, V-blocks or 
short pieces of angle iron can be assem- 
bled to serve as fixtures. Other devices 
used to help accurately lay out pipe 
and align pipe are shown in Figs. 18-52, 
and 18-53, 

One difficulty encountered with all 
pipe and tube welding is the alignment 
or positioning of the pipe or tube after 
the welding is completed, One method 
is to clamp the pipe or tube ina fixture 
while welding, and allow it to cool be- 
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Fig. 18-52. Centering device to make center punch 

mark at any angle (spirit level and protactor). It lo- 

cates pipe in any position and at any angle of down- 
ward slope. (Contour Sales Corp.) 


fore removing the clamps. Another 
method allows for the contraction of 
the joint weld metal by providing ap- 
proximately a 1/4-in, movement of the 
pipe for each 24-in, of length, The pre- 
set out of alignment can be adjusted 
until the correct results are obtained, 
Fig. 18-54, shows pipe mounted in a 
fixture or mounted out of line with the 
intent that the cooling weld metal will 
pull the pipe and/or tube into correct 
alignment. 

Standards have been established 
which determine the construction of 
the weld bead for certain size pipes. 
The requirements are based onthe fact 
that these welded joints must be at 
least as strong as the original pipe. 


Fig. 18-53. Device for centering flanges and for accu- 


rately aligning flanges 90 deg. to axis of pipe. - 


Pipe greater than 1/8-in, wall thick- 
ness, must be specially prepared for 
welding (chamfered); special joints 
must have special contours cut intothe 
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Fig. 18-54. Methods used to prevent pipe from being 
out of line after welding. 


18-45 


Modern Welding 


pipe to permit accurate fitting. Pre- 
fabrication of the pipe is performed by 
using metal-cutting tools or a cutting 
torch, See CHAPTER 3. The actual 
welding of the joint may be accom- 
plished either by the arc method, or by 
the flame method, There are many new 
coated electrodes available which are 
designed for pipe welding. 

In an attempt to obtain more uniform 
welds on pipe, automatic welding equip- 
ment is being used extensively. Special 
machines have been developed for auto- 
matically welding pipe oncross country 
pipe installations. 


18-68. OXYACETYLENE WELDING 
PIPE JOINTS 


When welding with the oxyacetylene 
torch, three important things must be 
observed before the finalwelding oper- 
ation may be performed: 

1. The pipes must be accurately cut 
to fit one another. 

2. The metal must be beveled, or 
chamfered, to insure accurate penetra- 
tion and maximum strength, The cham- 
fering may be done with a cutting torch. 
Some high-pressure lines specify, how- 
ever, that the bevels must be machined 
or chipped. 

3. The joint must be carefully mount- 


Fig. 18-55. Fixture for aligning and holding pipe as 
it is being butt welded. (Jewel Mfg. Co.) 


ed in the proper alignment of the piping 
during the welding operation. Figs. 18- 
55, and 18-56, show two fixtures used 
to insure correct alignment ofthe pipe. 


Fig. 18-56. Special clamp device for positioning pipe 
T-joint and holding pipe during welding operation. 


If aligning fixtures or if back-up rings 
are not being used, the pipe should þe 
tacked in at least three places around 
the periphery. When the actual weld is 
being done, these tacks should be re- 
welded; also the end of the weld should 
run over (overlap) the beginning of the 
weld about 1 in. 

After the preparations have been 
completed, the weld proper is per- 
formed by one of two methods: 

1. The easiest and best way, if fea- 
sible, is to roll the pipe or turn it 
gradually, as the welding progresses 
so the part welded is uppermost at all 
times (position welding) as illustrated 
in Fig. 18-57. 

2. The pipe may be held stationary, 
and the welding done by starting at the 
bottom and working up both sides ofthe 
pipe. This method is shown in Fig. 18- 
58. 

Of the two, the first usually insures 
a better weld, However, only in rare 
cases may this type of welding be 
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utilized for the complete job. Usually The size of torch tip to be used is 
both methods are employed on one as- determined by the thickness of the pipe 
sembly of a pipe installation. wall, and is practically the same as for 


Fig. 18-57. Rolling method of welding pipe butt joints: A. Three tacks 120 deg. 

apart. B. First part welded. C. Pipe rolled and second quarter welded. D. Pipe 

rolled and third quarter welded. E. Pipe rolled and fourth quarter welded. F. Posi- 
tion of torch and welding rod. G. Weaving motion used. 


Fig. 18-58. Fixed method of welding pipe butt joints: A. Starting underneath and 
progressing to the top of one side. B. Starting underneath and progressing to top 
of other side. C. Position of torch and welding rod. D. Appearance of finished weld. 


18-47 


Modern Welding 


the same thickness of flat sheet or plate. 
The weld proper may be done either by 
using a forward weld, or as many com- 
panies recommend, the backward weld 
may be used. One procedure recom- 
mends that the backward method of 
welding be used in combination with 
the reducing flame and a special weld- 
ing rod, It is extremely important that 
penetration be secured when welding a 
pipe. This root pass is of extreme im- 
portance, Excessive penetration will 
restrict and turbulate the fluid flow. 
Insufficient penetration will leave 
cracks and crevices on the inside sur- 
face of the pipe and may cause fail- 
ures especially in high-pressure pipe. 
The existence of either of these faults 
may necessitate a reject of the joint 
and it will have to be redone, Back-up 
rings, such as shown in Fig. 18-44, 
should be used to promote good root 
passes. 

On T, angle joints, and cluster joints, 
one should use a sequence welding tech- 
nique, mainly to prevent weld metal 
contraction from pulling the pipe out of 
line, Fig. 18-59, illustrates one satis- 


Fig. 18-59. Method of welding a 90 deg. T-pipe assem- 

bly with one pipe in vertical position. Note: Recom- 

mended sequence is to prevent contraction from pull- 
ing pipes out of alignment as welds cool. 


factory sequence for a T-pipe assem- 
bly. If possible do all the welding in a 
downhand position, The weld should also 
be crowned or "built-up" a definite 
amount, Experience has shown that a 
well penetrated weld, sufficiently 
"built-up," has more strength than the 
original metal, and will withstand more 
wear and corrosion than the original 
metal. The metal must be well fused 
and there must be no undercutting. 

There are many occasions when used 
pipe must be welded. If the pipe has 
carried flammables the inside of the 
pipe must be cleaned and the pipe must 
be purged free of air (O9) during the 
welding. This same technique is also 
used if the inside of new pipe is to be 
kept as clean as possible during weld- 
ing operations or to prevent oxidation 
of the weld metal. Fig. 18-60 shows a 
method of providing inert gas during a 
welding operation. 

If the piping is for high-pressure 
work, the joint must be annealed. Spe- 
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Fig. 18-60. Inert gas being used to neutralize flam- 

mables inside pipe during welding operation. This 

technique may also be used to keep inside of pipe 
clean during welding operation. 
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Fig. 18-61. Pipe and an elbow being assembled prior 
to arc welding joint. Note backing ring used here for 
alignment and to control penetration. 

(Tube Turns, Div. Chemetron Corp.) 


cial, high-frequency, induction heating 
devices are now available for joint pre- 
heating and annealing. 


18-69. ARC WELDING 
PIPE JOINTS 


Arc welding can be satisfactorily 
done on pipe. The operator must be 
adept in flat, horizontal, vertical, and 
overhead welding on flat plate joints 
before attempting to become an expert 
on pipe welding. Puddle control by using 
the correct electrode sizes, correct 
current settings, arc length, and elec- 
trode motion are very important. It 
is very important that the operator can 
see the difference between the molten 
slag and the molten metal, As one arc 
welds a pipe joint, the same joint may 
one moment be in the flat position and 
then change to the horizontal, vertical, 
or overhead position as the weld pro- 
gresses along the seam. 

Fig. 18-61, illustrates an elbow being 
fitted to a pipe with a backing ring 
used to align the fitting to the pipe. 


18-70. INERT GAS ARC 
WELDING PIPE JOINTS 


Inert gas arc welding of pipe joints 
gives excellent results. Some of the 
more exacting jobs put inert gas inside 
the pipe during the welding to reduce 
contamination at the penetration side 
of the weld as shown in Fig. 18-60, It 


is possible to obtain even and positive 
penetration using the inert gas tungsten 
electrode method. Some high-pressure 
pipe welding procedure instructions re- 
quire that the root pass be made using 
this method, This extremely clean 
method of welding, plus the inherent 
surface tension of the molten metal, 
produces smooth inner pipe surfaces 
and perfect fusion, 

The consumable electrode inert gas 
welding method may also be used with 
good results. 


18-71. TUBE WELDING 


Tube welding is similar to thin sheet 
steel welding except, as in pipe weld- 
ing, the weld joint is a three dimen- 
sional curve. Also, because the root of 
the weld is not accessible for welding, 
and because the inner surface is incon- 
tact with flowing fluids, the penetration 
standards are high. Fig. 18-62, shows 
two tube welding faults which must be 
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Fig. 18-62. A tube joint weld showing two common 
penetratia defects, either not enough penetration or 
too much penetration. 
corrected before the tubing can be 
used, These faults can be located by 

X-ray or by hypersonic devices. 
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Fig. 18-63. Aircraft tube longeron repair welds. The letter ‘‘d’’ indicates outside diameter of tubing. Dimen- 
sions used are to be in accordance with repair standards found in Civil Aeronautics Manual No. 18, prepared 
by Federal Aeronautics Administration. 


Tube materials commonly welded 
are: 

1. Low carbon steel, 

2. Chrome- molybdenum steel. 

3. Stainless steel. 

4, Aluminum, 


18-72. OXYACETYLENE WELDING 
TUBE JOINTS 


Control of the weld puddle as a 
tube weld is being made is very impor- 
tant, The thickness of the tube wall 
determines the weld technique to be 
used. If the tube wallis thin, best re- 
sults can be obtained by coordinating 
the torch and welding rod motion as 
follows: 

1. Heat the base metal edges to the 
plastic temperature (melting tempera- 
ture, not flow temperature). 

2. Move the preheated welding rod 


into the weld area, As this action is 
taken, lift the torch flame enough so 
the flame is concentrated on the weld- 
ing rod. Melt some of the welding rod 
and allow it to settle on the weld (only 
a very small amount). 

3. Remove the welding rod a short 
distance, lower the flame, and fuse 
the added metal to the two tube edges. 

You should first become expert on 
flat surface welding of this thickness 
metal in all positions, before attempt- 
ing tube welding. The complex three 
dimensional joints require expert torch 
and welding rod handling. 


18-73. ARC WELDING TUBE JOINTS 


Consumable covered electrode weld- 
ing of tube joints has been success- 
fully done, but it is a weldthat requires 
considerable skill especially on tubing 
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with thin walls. Low amperages must 
be used and the weld puddle kept small. 
Expert manipulation of the electrodeis 
necessary to produce high quality 
welds, 

DC welding using high ionized 
covered electrodes of 1/16 and 3/32-in. 
diameter is quite common. The elec- 
trode material and the welding pro- 
cedure varies with tube metals and tube 
wall thicknesses. 

The same tacking procedures, align- 
ing procedures, and welding sequences 
are used for tube joints as for pipe 

joints. 


18-74. INERT GAS ARC 
WELDING TUBE JOINTS 


Both the TIG method and the MIG 
method of inert gas arc welding may 
be used for tube welding. Using these 
methods it is possible to produce high 
quality welds on all weldable tube joints. 

The current settings, gas flows, and 
the like, are based on the wall thick- 
ness of the tubing and are somewhat 
dependent on the OD of the tubing and 
the other heat absorbing metals and 
fixtures in the weld area. 

Frequently the same kind of inert 
gas used for welding, is also passed 
through the inside of the tube or tubes 
as shown in Fig. 18-60. The gas supply 
is kept at a low pressure to economize 
on gas consumption and to prevent 
forcing the plastic and molten metal 
out of position. 


18-75. STAINLESS STEEL 
TUBE WELDING 


Refer to Paragraphs 18-13 through 
18-18, for instructions on the welding 
of various types of stainless steel 
sheets, These instructions also apply 
to stainless steel tubing. It is impor- 


tant to remember that the coefficient 
of expansion of stainless steel is more 
than that of mild steel, Therefore more 
care must be taken to tack or fixture 
stainless steel tubing. 

Stainless steel tubes may be welded 
using the oxyacetylene flame, stick 
electrode arc welding, or inert gas arc 
welding processes. 


18-76. ALUMINUM TUBE WELDING 


Aluminum tubes are available using 
most of the aluminum and aluminum 
alloys. Some of the alloys are weld- 
able and virtually all of the more com- 
mon welding methods may be used to 
weld the weldable aluminums. 

It is important to clean the metal 
shortly before welding and to-use clean 
welding rods. 

When inert gas arc welding aluminum 
tubes, the technique of flowing inert 
gas through the inside of the tube is 
more necessary with this metal than 
with carbon steels. 


18-77. AIRCRAFT TUBE WELDING 


A special division of tube welding 
has been created by the aircraft in- 
dustry. The Federal Aircraft Admin- 
istration (FAA) requires that one be a 
licensed airplane mechanic before he 
be allowed to weld aircraft structures. 
Special alloy tubes are used in the 
fabrication of the fuselages, the empen- 
nage (tail), landing gears, and the wing 
sections of two and four passenger air- 
planes, This tubing is always of seam- 
less construction, and is made of a very 
high quality steel with some strength- 
ening, alloying metal added. Such steels 
as chrome-molybdenum (1 percent 
chromium, 8-1/4 percent molybdenum) 
and the like, are quite commonly used 
for this type of work, The tube has a 
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relatively thin wall as compared to 
the ordinary steel pipe. Good fusing 
through the thickness of the metal is 
required with an absolute minimum of 
visible sag penetration. 

Because a maximum of strength must 
be obtained when welding the joints of 
aircraft tubing, special fabrication de- 


if the aircraft mechanic doing the weld- 
ing is also certified to do the welding 
using these processes, The certifica- 
tion is usually obtained by actual per- 
formance tests under the auspices of 
FAA officials. 

Fish-tail fitting is a strengthening, 
or repair joint, where the larger tube 
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signs have been developed. The most 
common types of specialaircrafttubing 
welded joints are: 

1. Fish-tail weld, 

2. Telescope tubing weld. 

3, Gusset weld. 

4. 90 deg. T-weld. 

5. 45 deg. T-weld. 

6. Cluster tube weld. 

Fig. 18-63, shows samples of air- 
craft tubing repairs using the welding 
process. 

Oxyacetylene welding of aircraft tub- 
ing is common. However, the tubing 
may also be welded using the covered 
electrode arc welding process, or the 
inert gas arc welding processes if the 
procedure is certified by the FAA and 
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Fig. 18-64. Straight aircraft tubing repair (1) and a cluster repair (2). 


is cut into a V-shape and then slipped 
over the small tube which it is to 
strengthen. The weld is a lap joint; 
the heated portion of the tube, where 
the weld occurs, is spread over a con- 
siderable length of tubing, distributing 
the load along a greater length of the 
tubing, Fig. 18-64, shows an injured 
tube repair (1) and a cluster repair (2). 
The rosette welds are plug welds done 
by drilling the outer tube only before 
assembly and then welding the inner 
tube to the outer tube. 

The telescope weld is used to obtain 
a stronger joint. If a simple butt joint 
weld were used, the joint might fail 
under bending; but by telescoping the 
tubing at the joint, additional strength 
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and stiffness is obtained, thus reducing 
the chance of failure, 

The cluster type joint is used where 
three or more tubes come together, at 
an angle, with one another. The tubing 
ends are then welded together where 
they come into contact, forming an ex- 
tremely strong joint tobetter withstand 
tension, vibration, compression, and 
bending loads, Fig. 18-65, shows a type 
of reinforcement weld used on aircraft 
structures, 

Aircraft tubing welds that are going 
into service are often inspected by the 
X-ray method. However, many com- 
panies also periodically test samples 
of the welds as made by their welding 
operators, These samples are tested 
to destruction to determine both the 
quality of the weld, and the welder's 
ability. 

One of the greatest problems en- 
countered in aircraft tubing welding 
is the corrosion which takes place in- 
side of the tubing at the point where 
a weld has been made, To prevent this 
corrosion it is a common practice to 
coat the inside of the tubing with hot 
linseed oil or some other approved pre- 
servative, which prevents rusting or 
oxidation of the metal at the weld. If 
you are interested in specializing in 
aircraft welding, the Civil Aeronautics 
Manual #18, which is prepared by the 
Federal Aeronautics Administration, 
contains official information. It is 
available from the Superintendent of 
Documents, U.S. Government Printing 
Office, Washington, D.C. 


18-78. HEAT TREATING PIPE 
AND TUBE WELDED JOINTS 


Because the weld metal and the met- 
al immediately adjacent to a weld has 
all the properties ofacasting, mechan- 
ical working of this metal and heat 


treatment of this metal is sometimes 
necessary to obtainthe maximum phys- 
ical properties desired. Manual and 
automatic peening of the weld are meth- 
ods of mechanically working the metal, 

Heat treating a pipe or tube joint 
presents specialproblems, The assem- 
bly is usually too awkward to put into 
a furnace. Gas flame heating has been 
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Fig. 18-65. Aircraft tubing repair weld: First the 
tubes are welded to each other (A), then a repair re- 
inforcement is welded to this assembly (B). 


used but temperature accuracy along 
the weld is difficult. Two methods which 
have been successfully used are elec- 
tric heating methods: 

1. Resistance wire heating. 

2. Induction heating. 

Resistance heating for preheating, or 
heating during the welding operation, 
or postheating consists of wrapping re- 
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sistance wire around the pipes or tubes 
at the proper places and heating the 
pipe, controlling the temperature with 
a thermostat. Special units have been 
developed that are easily installed 
(quick clamp and toggle method). CHAP- 
TER 25, describes methods used to 
heat metals for heat treatment, 
Preheating is usually up to 600 deg. 


Jus 

Postheating is usually up to 1300 
deg. F. 

Concurrent heating is usually up to 
600 deg. F. 


The time the weld is heldatthe spec- 
ified temperature, and the rate of cool- 
ing are important factors when post- 
heating welds, Some alloys require a 
two-step postheat treatment, You should 
always check with the manufacturer of 
the metal and the supplier ofthe metal, 
to ascertain the exact preheat and 
postheat treatments recommended, 


18-79. INSPECTING PIPE 
AND TUBE WELDS 


It is important to know whether a 
completed pipe or tube weld has suf- 
ficient strength, CHAPTER 22, explains 
inspection tests and destructive tests. 
The welding procedure must be care- 
fully established and checked by inspec- 
tion and testing facilities for adequacy. 
The operator must be checked to make 
certain he can conform to the accepted 
procedure. In determining the ability 
of an individual welder, standard pro- 
cedures have been developed for test- 
ing sample welds produced by a welder, 
However, on the final fabrication, or 
welding, of pipe joints it is impossible 
to actually determine the strength of 
the weld, as the ability of a welder may 
vary with fatigue and interest, There- 
fore, methods have been devised to 
determine the strength of the joint with- 
out destroying it, One example of this 


type of testing is usually called visual 
inspecting. Under the heading of visual 
inspection, the following qualities of the 
weld are observed: 

1. Clean bead. 


2. Constant width of bead. 
3. Fusion of the added metal. 


4. Height of the bead. 

5. Presence of pits and spots in the 
weld. 

The method used to inspect a weld 
for sufficient height (build-up) of the 
weld, and for the width of the bead, is 
to use a templet which is a steel form 
that fits on the pipe with a slight cavity 
on one edge, The cavity is ofthe shape, 
size, and contour of the correct size 
weld. 

Before working on high-pressure 
fluid lines, the welder must pass an ex- 
amination to determine whether his 
welds are of good enough quality to with- 
stand the stresses inthe high-pressure 
lines. It is only after passing this ex- 
amination with a good grade that an 
operator may work in a plant doing 
welded pipe fabrication. 

Practically all pipe welds are tested 
either under gas pressure (air, nitro- 
gen, or carbon dioxide), under water 
pressure, or by using a halogen gas. 
The water or hydrostatic pressureim- 
posed is usually twice the amount the 
weld is expected to be under in actual 
use. The water method (hydrostatic) 
determines the strength of the complete 
assembly. 

The gas pressure method is used 
mainly to detect leaks. A soap solution 
is placed around the joint and a leak is 
indicated by the appearance of bubbles. 
When testing pipe-joint welds during 
the gas pressure test, it is important 
that the pipe immediately adjacent to 
the weld be pounded vigorously with a 
hammer, This pounding is done to dis- 
lodge any small scale (oxide) parti- 
cles which might temporarily close a 
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leak. Do not pound on the weld itself, 
as the peening action might temporarily 
close small pin holes which will even- 
tually give trouble. 

The halogan gas leak test is becom- 
ing popular. Thistest willlocate small- 
er leaks than any other known method. 
A halogen gas, such as Refrigerant 12 
or Refrigerant 22, is put into the pipe 
or tube under pressure. Any leak is 
detected by a very sensitive electronic 
ionizing sniffer. It is indicated by a 
meter reading or by a buzzer sound, 
This method is an adaptation of leak 
detecting methods used in the Air Con- 
ditioning and Refrigeration industry, 
and it will signal a leak of minute size. 


18-80. REVIEW OF SAFETY IN 
SPECIAL WELDING 
APPLICATIONS 


All of the safety rules explained in 
the previous chapters also apply to pipe 
and tube welding. 

Of particular importance to the pipe 
and tube welding operator are: 

1. The piping and tubing must be ab- 
solutely free of flammable liquids or 
fluids to prevent an explosion, If the 
pipes or tubes have been used, the lines 
should be steam cleaned, and an inert 
gas should flow through the piping sys- 
tem while the weld is being made. 

2. The welding of pipes andtubes re- 
quires that the operator be in an awk- 
ward position or climb into almost in- 
accessible places, A firm footing, ex- 
cellent ventilation, and a quick escape 
route are essential. 

3. Because pipes and tubes are fre- 
quently installed in occupied buildings, 
a thorough investigation must be made 
to locate and remove any and all flam- 
mables from near the place of work. 
Fire fighting equipment must be handy 
and a fire protection person should be 
standing by during the welding and/or 


cutting. The area must be checked 
continuously for several hours after 
the work is completed. 


18-81. SUMMARY 


It requires considerable skillto weld 
pipe correctly. A pipe welder's ability 
should be periodically checked by 
checking samples of his welding, test- 
ing the samples to destruction. Pipe 
welding, when properly done, is faster 
than the threaded assembly method and 
it is stronger. Pipe welds should be 
vigorously inspected and tested, Pene- 
tration and buildup are absolutely es- 
sential to a successful weld. 

Many pipe and tube welding proce- 
dures are subject to code regulations. 
You should always inquire ofthe Local, 
County, and State Building and Safety 
Departments before accepting and un- 
dertaking a structural, pipe or tube 
welding project. 


18-82. TEST YOUR KNOWLEDGE 


1. What are two alloy elements in- 
cluded in low carbon, alloy steels? 

2. Why is columbium added to stain- 
less steel filler metal? 

3. List three different types of stain- 
less steels. 

4. How much iron is contained in 
high-nickel, low-chromium steel? 

5. Why must special precautions be 
taken to prevent the oxidation of stain- 
less steel during welding? 

6. What is the principal advantage of 
a low carbon, alloy steel? 

7, What is the range ofthe chromium 
content in chromium steels? 

8. What two purposes does a copper 
backing plate serve when welding stain- 
less steel? 

9. What is the approximate, maxi- 
mum, carbon content of a low carbon 


alloy? 
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10. Is a low carbon alloy steel strong- 
er than a straight, carbon steel of the 
same carbon content? Explain. 

11. What welding method is used with 
Chrom - Nickel - Molybdenum steels? 

12, Why is tungsten sometimes added 
to a chromium steel? 

13. List four types of tool steels. 

14. What polarity is recommended 
when arc welding tool steel? 

15. Describe galvanized steel, Of what 
is this steel made? 

16. If a stainless steel weld is dis- 
colored when the welding is completed, 
does this mean the weld is worthless 
in reference to its appearance? 

17. Is stainless steel used solely for 
its enduring bright finish, or are there 
other reasons for the name "Stainless?" 

18. What organization has developeda 
stainless-steel, standard listing? 

19. What is the molybdenum content of 
chrome-moly steels? 

20. Which stainless steels are 
magnetic ? 

21. What is the purpose of titanium in 
stainless steel welding rods? 

22. Is it possible to arc weld stain- 
less steel? 

23. What institute standarized the 
types of stainless steel? 

24. Why is a flux necessary when gas 
welding stainless steel? 

25. How may one arc weld stainless 
steel without using a flux or a covered 
electrode? 

26. What is cast iron? 

27. How may white cast iron be turned 
into gray cast iron? 

28. What is the best method of repair- 
ing a fractured malleable iron casting? 

29. Why should cast iron structures 
be preheated before welding? 

30. May the backhand welding method 
be used for welding cast iron? 

31. Explain the purpose of steel studs 
when welding thick cast iron fractures, 


32. Is cast iron more fluid or less 
fluid than steel when meltedby atorch? 

33. What is the melting temperature 
of cast iron? 

34. Does cast iron contain more car- 
bon than steel? 

35. Is malleable iron more vibration 
resistant than white cast iron? 

36. Why is the "hot shortness" tem- 
perature of aluminum important ? 

37. List the constituents of the aver- 
age aluminum weld flux. 

38. Is penetration necessary when 
welding a sheet-aluminum, butt weld? 

39. What is the principal difference 
between sheet aluminum and cast alu- 
minum? 

40, What two main characteristics of 
aluminum make it difficult to weld? 

41. What are the alloy metals of brass? 

42. What are the alloy metals of 
bronze? 

43. Is a flux necessary in welding 
copper? 

44. Does one use alargertipfor weld- 
ing 1/4-in. copper plate than for 1/4- in, 
steel plate? 

45. What happens if brass is over- 
heated? 

46. Describe the type of flame used 
when lead welding. 

47. How are the oxides eliminated 
during the bronze welding process? 

48. Why must titanium be weldedinan 
inert atmosphere ? 

49, What inert gases are used when 
welding beryllium? 

50, What gas is used when torch weld- 
ing plastics? 

51. Why should the ends of a pipe 
being joined be spaced apart prior to 
welding? 

52. What are the two methods of per- 
forming the gas welding of a pipe? 

53, What is the difference between 
tubing and pipe? 

54, May tubing be welded? 
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55. Of what is aircraft tubing usually 
made? 

56. What technique may be used to 
compensate for contraction in a pipe 
joint? 

57, Explain the air pressure method of 
testing pipe welds. 

58. Describe the Halogen gas leak test, 

59. What method of welding pipe is also 
called "position" welding? 

60. Should a pipe joint be tacked be- 
fore welding? 

61. Sketch several tubing cross sec- 
tional shapes. 

62. May a pipe be arc welded? 

63, Should a pipe weld be peened be- 
fore testing for leaks? Why? 

64. May a pipe always be chamfered 
by oxyacetylene cutting? 

65, Of what materials are pipe cutting 
templets made? 

66. Should the chamfer extend through 
the thickness of the pipe? 

67. Is a carefully welded pipe joint 
considered as strong as the original 
metal? 

68. Explain the initials, OD, and ID. 

69, Why is some pipe made of plastic 
material? 

70. Describe two methods used to fab- 
ricate seamed pipe and tube. 

71. How are flanged fittings fastened 
to pipe? 

72. What is the difference between a 


procedure qualification andan operator 
qualification? 

73, Describe the purpose of a backing 
ring, 

74, How is the underside of a pipe 
joint weld kept free of contaminants? 

75, What agency controlsaircraft 
welding standards? 

Instructions: Circle the "T" if the 
statement is true, or the "F" if the 
statement is false. 

76. T. F. Pipe is best welded in a 
fixed position. 

77. T. F. The torch is held at a fixed 
angle to the tangent of the pipe at the 
point of the puddle. 

78. T. F. Minor undercutting at the 
edges of a pipe weld may be ignored. 

79, T. F. V-edge preparation is rec- 
ommended for tubing joints. 

80, T. F. The tack welds should be re- 
welded as they are encountered during 
the welding. 

81. T. F. Weld over the top of the 
pipe before rolling the pipe. 

82. T. F. Remelt and reweld some of 
the original weld as one completes a 
weld. 

83. T. F. The "Backhand" welding 
technique may be used for welding pipe. 

84, T. F. The smaller the pipe, the 
more tack welds should be used. 

85, T. F. Butt joints in pipe should 
have convex beads. 


18-57 


*a1n42nA4 S 4j01241D up uo (91W) buip[a^ 24D [019ut SD4) 


18-58 


Chapter 19 


SPECIAL 
CUTTING PROCESSES 


Some examples of metal-cutting pro- 
cesses which are considered special 
and will be discussed in this Chapter 
are, cutting metal under water in ship 
salvaging operations, cutting metal 
sections several feet thick withthe oxy- 
gen lance, and cutting through concrete 
walls with powder cutting equipment. 
Other examples of special processes 
are inert gas arc cutting of nonferrous 
metals, plasma-arc cutting and laser 
beam cutting. 


19-1. OXYGEN LANCE 
CUTTING PRINCIPLES 


The principle of oxyacetylene cutting, 
as discussed in CHAPTER 3, is that 
once the metal is heated and the oxy- 
gen for cutting is turned on, the metal 
becomes fuel and the oxygen supports 
the oxidation (burning) of the metal. 
With the ordinary oxyacetylene torch 
and tip, the preheating and the oxygen 
blast for cutting is combined in one 
torch. The thickness or depth to which 
the oxygen can cut is limited to about 
24 in. with the conventional hand-held 
torch. By using a long piece of low 
alloy steel tubing to carry oxygen and 
a long handled preheating torch, it is 
possible to penetrate to the limit of 
the length of the tube to oxidize and 
cut steel,or about 8 ft. 

The oxygen lance is used for such 
operations as cutting risers from large 
castings, cutting through thick pieces 
of steel in scrapping operations and/or 
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opening gates in large furnaces, Since 
it is impractical and unnecessary to 
use a special oxyacetylene torch to cut 
4 - 5-ft. thick pieces the oxygen lance 
is used, 


19-2. OXYGEN LANCE 
CUTTING EQUIPMENT 


The equipment required for the oxy- 
gen lance operation is: 

1, Complete oxy-fuel gas welding or 
cutting outfit to provide the preheat 
for lancing. For extremely thick sec- 
tions a special long preheating torch 
is required to provide a constant pre- 
heat temperature. Fig. 19-1, shows an 
oxygen lance in use. 

2. One or more oxygen cylinders, For 
large volume cutting, severalcylinders 
may be manifolded to the regulator. 

3. A heavy-duty oxygen regulator. 

4. Oxygen hose of an appropriate 
length complete with fittings. 

5. Length of 1/8 or 1/4-in, internal 
diameter pipe long enough to penetrate 
the desired thickness and sufficiently 
long to allow for consumption of the 
tubing as the cutting progresses. 

6. Safety equipment will be needed, 
This equipment includes goggles, hel- 
met, leather jacket, leggings, apron 
and gloves, 

Considerable sparking accompanies 
oxygen lance cutting and the operation 
as well as the equipment and its sur- 
roundings must be protected according- 


Iy- 
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Fig. 19-1. Oxygen lance, with aid of regular cutting torch, being used to cut riser 


from steel casting. 


19-3. OXYGEN LANCE 
CUTTING PROCEDURE 


To start a cut with the oxygen lance, 
it is first necessary topreheat the edge 
of the piece with a conventional heavy- 
duty welding or cutting torch, After the 
metal reaches a cherry red or white 
hot temperature, the oxygen for the 
lance may be turned on and the pre- 
heating torch may be removed, On ex- 
tremely thick pieces, the preheat tem- 
perature is maintained with a special 
long torch. Generally the cut is started 
at an angle and gradually brought toa 
vertical position by manipulating the 
lance. The cut is much easier to start 
and maintain using this principle. Fig. 
19-2, is a schematic drawing showing 
the oxygen lance principle. 

Lancing may also be used to pierce 
holes through pieces up to 8-ft, thick, 
This makes it possible to pierce holes 
in machinery which would be expensive 
if not impossible to machine. 

As the pipe extends down intothe cut, 
it is subjected to excessive tempera- 
ture in the presence of oxygen, and the 
end of the pipe will also be burned 
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away. However, the end of the cutting 
lance has been known to pierce the cen- 
ter of a freight car axle shaft through 
its length without burning through the 
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Fig. 19-2. Schematic of oxygen lance being used to 
cut thick metal. 


side of the shaft, Considerable expense 
is eliminated, when cutting large steel 
or cast iron sections, by using this 
method. 
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Fig. 19-3, shows operators at work 
using a standard cutting torch and an 
oxygen lance, to cut a large casting. 


19-4. OXYGEN-FUEL GAS UNDER- 
WATER CUTTING PRINCIPLE 


The method of cutting ferrous metals 
underwater is much the same as the 
method used on the surface with one 
exception. In order to keep the flame 
lighted at extreme depths, the cutting 
tip and combustion area is enveloped 
by compressed air which keeps the 
water away from the combustion zone. 

The use of acetylene below 15 ft, is 
not recommended since acetylene is 
not safe to use at pressures over 
15 psig. Hydrogen should be used as 
the fuel gas below a depth of 15 ft. A 
proprietory gas called Mapp gas, man- 
ufactured by the Dow Chemical Co. is 
a fuel gas which may be used for this 
purpose as it is stable under high pres- 
sures. Oxyhydrogen flame has been 
used to a depth of 200 ft. 

The underwater torch has a special 
high-pressure air system, the purpose 
of which is to keep the water away and 
maintain an air pocket at the point of 
cutting as shown in Fig. 19-4, Special 
training in underwater welding and cut- 
ting techniques is required and the 
operator should also be a qualified 
driver, 

Gas torches are usually constructed 
as compactly as possible. The com- 
pressed air sheathing around the tip 
is adjustable to enable the operator to 
hold the torch head against the metal 
being cut. Slots in the sheating per- 
mit escape of the products of combus- 
tion and air. The tip must have ex- 
ceptional preheating capacity to over- 
come excessive heat removal by con- 
ductivity and convection, to overcome 
corrosion on the surface of the metal, 


Fig. 19-3. Large casting being cut using standard cut- 
ting torch and oxygen lance. 


and to save the operator's time since 
he cannot remain at any great depth 
for long intervals. The air pressure, 
and therefore the amount of air, is 
controled by a separate air valve 
designed to be a part of the cutting 
torch. Fig. 19-5, illustrates a typical 
underwater oxyhydrogen cutting torch, 


19-5. OXYGEN-FUEL CAS 
UNDERWATER CUTTING 
EQUIPMENT 


The equipment needed for underwater 
cutting is the same as for surface cut- 
ting with these exceptions. A special 
torch is needed which has a special 
slotted cylinder surrounding the cutting 
tip, and an additional connection for 
compressed air, as shown in Fig. 19-4, 
A source of compressed air and air 
hose will also be needed. 

The shielding cylinder around the tip 


' which is filled with compressed air 


keeps water out, and the slots in the 
shield allow excess air to escape, Be- 
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] Air Jacket 21 Mixing Chamber Nut 

2 Lock Nut 22 Spiral Mixer 

3 Tip Nut 23 Acetylene Tube 

4 Oxygen-Hydrogen Tip 24 Inner Oxygen Tube 

Sizes 2 to 7 Customer's 25 Lever 
Oxygen Acetylene Request 26 HP Valve "0" Ring Retainer Assembly 
Sizes ] to 4 26a "Q" Ring (Friction) 

5 Gasket 26b ''Q" Ring (Sealing) 

6 Torch Head 26c "Q" Ring Retainer 

7 H. P. Oxygen Tube 27 Valve Stem 

8 H. P. Oxygen Tube Coupling Nut 28 Bolt for Lever 

9 Ferrule 29 Lock Washer 
10 Lock Nut 30 Acetylene Control Valve Assembly 
11 Barrel Valve Stem Assembly 
12 Rear H. P. Oxygen Tube Control Valve Body 
13 Body 31 Nut 
14 HP Valve Plug 32 Tailpiece 
15 Valve Spring 33 Compressed Air Tube 
16 Seat Holder Assembly 34 Compressed Air Tube Coupling Nut 
16a Seat Holder 35 Oxygen Valve Stem Assembly 
16b Seat Screw 36 Compressed Air Valve Assembly 
l6c Seat Valve Body 
V7 Oxygen Connection Valve Stem Assembly 
18 Nut 37 Nut 
19 Tailpiece 38 Tailpiece Not Shown 
20 Mixing Chamber Tube 


Fig. 19-4. Compressed air flow in typical underwater 


torch and names of torch parts. 


(Victor Equipment Co.) 


torches used only on the surface. 


water, the preheating orifices (holes) 
in the underwater torch tip must be 
much larger than for similar cutting 


The torch has four hand valves: 
1, Acetylene or hydrogen valve, 
2. Preheat oxygen valve, 
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3. Cutting oxygen valve (lever oper- 
ated). 

4. Compressed air valve. 

Vision is generally very poor under 
water, so the operator must know the 
position of the valves well enough to 
operate them skillfully without being 
able to see them, 


Fig. 19-5. Oxyhydrogen underwater cutting torch, 


Ellsberg model. (Craftsweld Equip. Corp.) 


19-6. OXYGEN-FUEL CAS 
UNDERWATER CUTTING 
PROCEDURES 


The torch is lighted with an electric 
Sparking device after the oxygen, fuel 
gas, and compressed air are all turned 
on and adjusted. A diver who is thor- 
oughly familiar with surface cutting will 
not find underwater cutting too diffi- 
cult, 

To start a cut, the operator holds 
the torch against the metal and watches 
the color ofthe flames around the torch. 
When a bright yellow flame is seen the 
preheat temperature has been reached. 
The cut is then started by turning on 
the cutting oxygen and proceeding in 
the same manner as on the surface. 
Because of the pressure created by 
the compressed air within the shield- 
ing cylinder on the torchan extra effort 
must be made by the operator to keep 
the torchagainst the work, The air tends 
to push the torch away from the metal 
being cut. A distinct rumbling sound is 
heard when the torch is burning. When 
the sound stops, the diver knows the 
flame is out. 


19-7, OXYGEN-ARC UNDERWATER 
CUTTING PRINCIPLES 


There are two basic principles of 
cutting metal underwater with an arc, 
These are the metallic arc and the oxy- 
gen-arc methods. In the oxygen-arc 
process, an arc is struck on the metal 
to be cut, using a hollow steelelectrode 
which has high-pressure oxygen flow- 
ing through it, as shown in Fig. 19-6. 


ARC CURRENT 
CONNECTION 


BASE f 
METAL 


Fig. 19-6. Schematic cross section of tubular elec- 
trode and oxygen-arc electrode holder for underwater 
cutting. 


The arc heats the metal and the oxygen 
jet quickly oxidizes the metal to per- 
form the cut, 

Oxygen-arc underwater cutting has 
proven to be very successful and is 
widely used in industry. The electrode 
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is usually 5/16-in, tubular steel, flux- 
covered and waterproofed. A special 
torch (electrode holder) fully insulated 
without taping, is shown in Fig. 19-7. 


Fig. 19-7. Arc-oxygen underwater cutting torch, pat- 
ented Model A. (Craftsweld Equip. Corp.) 


This system works well because the 
moment the arc is struck a very high 
temperature spot is produced on the 
metal, With the oxygen turned on, the 
cutting starts instantly. 

The operator then draws the cutting 
electrode along the line of cut while 
holding an arc, This method of cutting 
is usable at all depths. The electrode is 
consumed quite rapidly, The welding 
current is usually shut off when elec- 
trodes are changed. All metals may be 
cut with this system including steels, 
alloy steels, cast iron, and all the non- 
ferrous metals, 

Using direct current, straight polar- 
ity (electrode negative), is the general 
practice, Fig. 19-8, illustrates the in- 
ternal construction of an arc-oxygen 
underwater cutting torch, 

Tubular (hollow) carbon electrodes 
and ceramic (silicon carbide) elec- 
trodes have also been used but their 
prittleness has resulted intheir almost 
complete replacement by steel elec- 
trodes, 

In the metallic are process solid 
electrodes are used. The process can 
be used to cut both ferrous and non- 
ferrous metal under 1/4-in. in thick- 
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Fig. 19-8. Cross sectional sketch of an arc-oxygen 
underwater cutting torch. (Craftsweld Equip. Corp.) 


ness. The base metal is melted by the 
process and falls from the kerf by 
gravity. The resulting cut is quite wide 
and is not as smooth as a cut obtained 
using the oxygen-arc process. 


19-8. OXYGEN-ARC UNDERWATER 
CUTTING EQUIPMENT 


The equipment used inanoxygen-arc 
underwater cutting outfit uses some 
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standard arc welding equipment and 
some standard oxygen equipment. 

The standard arc welding equipment 
used is an arc welding machine (DC 
preferred). 

The standard oxygen equipment used 
includes oxygen cylinders and manifold 
oxygen regulator, extra-heavy oxygen 
hose, welding lens 4-6 shades lighter 
than required on the surface. 

The underwater welder is serviced 
from a tender ship onthe surface. Some 
special equipment needed includes: oxy- 
gen-arc underwater cutting outfit; elec- 
trical off and on switch for the welding 
leads on the tender; ground lead (water- 
proofed); electrode lead (waterproofed); 
insulated oxygen-are torch (water- 
proofed); waterproofed, covered, tubu- 
lar electrodes, and rubber gloves. 


19-9, OXYGEN-ARC UNDERWATER 
CUTTING ELECTRODES 


Electrodes used in underwater cut- 
ting come in three types: 

1. Carbon electrodes (hollow; some 
with metal tubes built in). 

2. Ceramic electrodes (hollow). 

3. Steel electrodes (tubular) and cov- 
ered. 

The carbon electrode if used pre- 
sents some difficulties, The 12-in. 
electrode lasts about 30 min, The elec- 
trode holder is returned to the surface 
for the insertion of the replacement 
electrode. The torch has to be thor- 
oughly retaped each time to make it 
waterproof. Some of the carbon elec- 
trodes are rectangular in cross sec- 
tion (3/8 x 3/4 in.) These electrodes 
are usually 12-in. long. 

Ceramic electrodes are usually 1/2- 
in. diameter and 8-in, long. They are 
made of a material such as silicon 
carbide. Ceramic electrodes last about 
10 min. in operation and are replace- 
able under water, The electrode is 


brittle and must be handled carefully. 

Tubular steel electrodes which are 
very popular, are available in a length 
of 14-in, and diameter of 5/16-in. OD. 
The oxygen orifice is usually 1/8-in. 
in diameter, These electrodes last only 
a few minutes but may be replaced 
under water. 


19-10. OXYGEN-ARC UNDERWATER 
CUTTING PROCEDURE 


With the electric generator and the 
oxygen turned on, the operator strikes 
the arc as he would on the surface. He 
then depresses the oxygen valve handle 
to start the cut. The technique used 
for underwater arc cutting is to drag 
the electrode along the line to be cut, 
A constant arc length is maintained by 
this method due to the thickness of the 
flux covering. 

Skill is required to move the elec- 
trode at a constant speed, The operator 
must move the electrode slowly enough 
to insure that he iscutting the complete 
thickness of the metal. He must not 
move too slow,however, as the cut may 
be stopped due to the lack of proper 
preheating of the advance metal, This 
will cause too many electrodes and too 
much oxygen to be consumed during the 
cutting operation. 


19-11. INERT GAS ARC 
CUTTING PRINCIPLES 


Aluminum, stainless steel, chrome 
steel, nickel, copper, monel, inconel 
have been successfully cut by means 
of the non-consumable electrode pro- 
cess (TIG) and the consumable elec- 
trode process (MIG). Satisfactory sev- 
ering cuts also have been made on 
titanium, magnesium, and most of the 
exotic metals. 

The principle is the same for both 
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the TIG. and MIG processes, An arc 
is struck between the electrode wire 
and the work, As the metal melts it is 
blown away by the flow of inert gas. 
The inert gas flow must extend through 
the full thickness of the metal being 
cut, to keep the surfaces of the cut 
from oxidizing. Fig. 19-9, shows this 
cutting process, using inert gas metal 
arc equipment, 


ELECTRODE EN fi INERT GAS 


Fig. 19-9. Basic operation of inert gas cutting pro- 
cess. Notice the use of reverse polarity and extension 
of steel electrode through thickness of metal being cut. 


The effectiveness of this cutting 
process is due to the scavenging action 
of the gas velocity. Sufficient gas must 
flow to prevent oxidation. The use of 
excess flow is wasteful and will not 
speed the cutting process. 

DC reverse polarity is usually used 
with the inert metal arc equipment be- 
cause ofits greater penetrating powers, 

Argon is the most popular shielding 
gas, but helium, nitrogen, and carbon 
dioxide have also been used, Air and 
oxygen have been used when oxidation 
does not interfere with the cutting. 

Automatic equipment works best as 
wire feed and torch speed are coor- 
dinated, Cuts are made using the con- 
sumable electrode (MIG) process. Cuts 
produced in aluminum, copper, brass, 
and many other metals, using this pro- 


cess are frequently smooth enough so 
they do not require machining or grind- 
ing prior to any subsequent welding. 

Manual cuts may be made, but ata 
slower rate and the results are of 
poorer quality. 


19-12. INERT GAS ARC 
CUTTING EQUIPMENT 


Equipment required for nonconsum- 
able inert gas arc welding (TIG) and 
consumable electrode inert gas arc 
welding (MIG) cutting is the same as 
that required for welding with these 
processes except that the equipment 
should be heavy-duty to make it com- 
pletely versatile. Fig, 19-10, shows a 
complete inert gas metal arc station. 
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Fig. 19-10. Schematic of inert metal-arc 
cutting outfit. 


The DC power source mustbe of higher 
capacity than normal, since the re- 
quired amperage for some metals, 
such as 1/4-in, monel, may be as high 
as 1000 amps, 


19-13. INERT GAS ARC 
CUTTING PROCEDURE 


When cutting with metal inert gas 
the amperage and shielding gas volume 
required should be carefully set in 
accordance with the equipment manu- 
facturer's manuals, Reverse polarity 
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should be used to obtain the required 
arc force, The water cooling should be 
adequate to cool the torch, particularly 
if high ampere flows are required. 
Since a good cut is only made when the 
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ders have also been used. These are 
generally fluxes which have a reducing 
reaction on oxides which tend to form, 
Fig. 19-11, shows a schematic drawing 
of a flux cutting station. 


PREHEATING OXYGEN 
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wire is extending just to the bottom sur- 
face of the metal, the speed of the wire 
feed and speed of the cut must be care- 
fully set, Cutting speeds of 140 in, per 
minute (IPM) on 1/4-in. aluminum and 
85 IPM on 1/4-in. monel have been ob- 
tained using automatic equipment. 


19-14. POWDER CUTTING 
PRINCIPLE 


Powder cutting was introduced in 
1943 as a means of cutting stainless 
steel and the process has since been 
used to cut alloy steels, cast iron, 
bronzes, nickel, and aluminum. Vir- 
tually any material may be cut withthe 
powder cutting technique--even tein- 
forced concrete. 

In powder cutting, iron powder is 
introduced into a standard oxyacetylene 
cutting torch flame. The heat of com- 
bustion of the: iron powder increases 
the total heat of the flame. Other pow- 
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Fig. 19-11. Schematic of flux-cutting outfit. 


ACETYLENE 


(Air Reduction Sales Co.) 


When cutting stainless steel with an 
oxyacetylene torch, a refractory chro- 
mium oxide is formed on the surface of 
the metal in the cutting zone. This oxide 
insulates the base metal, thus prevent- 
ing further oxidation by the cutting oxy- 
gen. By introducing iron powder into 
the oxyacetylene flame, insulating 
chromium oxides are kept from form- 
ing, and the cut is able to proceed un- 
hindered; The high-in-iron particles 
oxidize or burn in the oxygen stream 
at the torch tip producing a very high 
temperature and concentrated heat, The 
powder also produces a reducing action 
on the metal, and a high velocity goug- 
ing action. Fig. 19-12, shows a large 
casting being cut by the powder cutting 
process, 

Cutting speeds comparable to oxy- 
acetylene cutting of low carbon steels 
may be obtained on stainless steels 
using the powder cutting torch. 

When cutting nonferrous metal, it is 
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Fig. 19-12. Large powder-cutting torch 
being used to cut riser from casting. 


helpful to add a more active ingredient 
than iron powder to the oxyacetylene 
flame, so about 10-30 percent alumin- 
um powder is used with the iron powder. 

Ferrous metals up to 5-ft, thick have 
been cut with machine cutting powder 
torches, 

Reinforced concrete up to 18-in, thick 
may be cut with speeds of 1-2 1/2 in. 
per minute and walls 12-ft, thick may 
be cut with a powder cutting lance, as 
shown in Fig. 19-13, 


‘Fig. 19-13. Cutting concrete using the powder cut- 
ting process. 


Several devices have been used to 
feed the iron powder to the flame: 

1. Introduction of the powder intothe 
oxygen orifice of the tip. 


2. Introduction of the powder into a 
separate orifice in the tip. 

3, Introduction of the powder intothe 
preheating orifices of the tip. 

If the oxygen orifice method is used, 
the oxygen pressure must be less than 
the air or nitrogen pressure feeding the 
iron powder to the tip. If a separate 
orifice is used, there is a delay in ig- 
nition of the iron powder and the tip 
must therefore be held 3 or 4 in. away 
from the work, 

The extremely high temperature that 
results from the ignition of the powder 
practically eliminates the need of pre- 
heating the metal prior to the cutting 
action, and much time is saved, The 
torch also has a considerable pene- 
trating action or carry over. The cut- 
ting easily jumps slag pockets andcar- 
ries over from one plate to another, 

Occasionally a flux powder is used 
rather than an iron or aluminum pow- 
der. 

In the flux-cutting method a flux is 
fed into the oxygen stream which causes 
a reducing action on the alloy metal 
oxides, permitting their easy removal 
from the kerf. 

The carry-over action of the flux 
action enables the cutting of multiple 
layers of metal plates without the need 
to clamp them tightly together. 
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19-15. POWDER CUTTING 
EQUIPMENT 


Equipment required for powder cut- 
ting includes a cutting torch or lance, 
oxygen and acetylene supply, and a 
method of introducing the powder. 

Some special powder cutting torches 
have an additional tube to carry the 
powder to the torch head where it is 
added to the preheating flames, Such a 
torch is shown in Fig. 19-14. The oxy- 


into the oxygen stream from all sides, 
the multiple opening attachment is suit- 
able for form cutting and straight cut- ` 
ting, When powder cutting nonferrous 
metals, or when cutting extrathick fer- 
rous metals, an attachment with a single 
powder tube is used. The powder is 
carried to a point adjacent to the con- 
ventional tip where itis dischargedinto 
the flame. Since more powder may be 
discharged from the single tube open- 
ing than can be releasedfromthe small 


POWDER CUTTING TORCH 


Fig. 19-14. Several types of powder cutting torches. (Linde Co.) 


gen and powder tubes on the torch are 
both opened when the oxygen control 
lever is depressed. Normally there is 
a slight delay in the opening of the 
oxygen valve, thus allowing the iron 
oxide to coat the surface before the 
oxygen reaches the surface. This delay 
helps to start the cut faster particu- 
larly on nonferrous metals. 

Powder cutting adapters are made 
which may be attached to the conven- 
tional machine-type torch as shown in 
Fig. 19-15. Powder is carried to the 
adapter through tubing, and escapes 
through multiple openings around the 
conventional cutting tip. It is melted 
by the preheat flames and carriedtothe 
molten metal by the cutting oxygen 
stream, Since the powder is directed 


openings in the multiple-opening 
attachment, it is usually considered to 
be better suited for thick sections than 
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Fig. 19-15. Machine cutting torch with powder cut- 
ing nozzle adapter, powder valve, and manifold tubing. 


the multiple opening attachment. The 
single tube attachment works best on 
straight cuts and is not as well suited 
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Fig. 19-16. Pressurized powder dispenser for use 

with powder cutting equipment. Notice pressure regu- 

lator used to control pressure for powder feed. Note 

also that only air or nitrogen are to be used to pres- 
surize the powder. 


for shape cutting as the multiple-open- 
ing attachment. 

Two types of powder dispensers are 
presently in use. In one, an enclosed 
hopper is used as shown in Fig. 19-16. 
The hopper is filled and then pres- 
surized, Powder is then fed under con- 
stant pressure to the powder-cutting 
torch or adapter whenever the powder 
cutting control valve on the torch is 
opened, Air or nitrogen may be used 
to supply the pressure on the powder 
dispenser, CAUTION -- never use oxy- 
gen as it may form an explosive mix- 
tune, 

The second type of dispenser uses 
vibration action to keep the powder 
agitated and moving along a trough. 
The powder falls from the vibrating 
trough into a hopper and is fed to the 
torch by air pressure. Vibrating type 
dispensers are used where a more con- 
stant and accurately adjusted powder 
flow is required. 

When the thickness of metal to be 


cut is greater than 18 in., it is advis- 
able to use the powder cutting lance. 
A special designed mixing handle is 
used to which long lengths of hollow 
iron pipes are attached as shown in 
Fig. 19-17. Oxygen, and powder are 
mixed and carried to the cutting area 
through the hollow pipe. The pipe is 
slowly consumed during the operation. 
Reinforced concrete walls up to 12-ft. 
thick may be cut using the powder lance. 


19-16. POWDER CUTTING 
PROCEDURES 


The techniques and torch angles used 
for powder cutting are approximately 
the same as those used for oxyacety- 
lene cutting. However, where an oscil- 
lating motion is sometimes required 
when cutting cast iron with an oxyacet- 
ylene torch to overcome the insulating 
effects of the graphite particles on the 
metal, no torch motionis required when 
powder cutting cast iron, 

To allow the powder to reach its 
ignition temperature before it hits the 
work, the torch should be held about 
1-1/2 in. above the work, 
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Fig. 19-17. Powder cutting lance handle. Consumable 
black iron pipe is attached to the handle. Clean cuts 
in reinforced concrete over 12 ft. thick can be made 
with 70 percent iron and 30 percent aluminum powder. 


(Linde Co.) 


A new technique for starting a cut 
faster on carbon steels has evolved 
because of powder cutting. This tech- 
nique is known as a "flying start." 

To use this method, the oxyacetylene 
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A projection welder in action. Note the special water-cooled dies fastened to the upper and lower platens. The 
dies are designed to resistance weld the article held in the operator's hands. 
(Progressive Welder and Machine Co.) 
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Fig. 19-18. Schematics showing principle of operation of nontransferred arc, and 
transferred arc plasma cutting processes. 


torch is equipped with a powder-cutting 
attachment. Iron oxide or a mixture of 
iron oxide and aluminum oxide powder 
is used, The powder and oxygen are 
turned on at the start of the cut for a 
few seconds and the powder is then 
turned off. Due to the additional heat 
created by the combustion of the oxide 
powder, the cut is started almost im- 
mediately. Prior to the use of this 
method 15-25 percent of the cutting 
time was spent bringing the base metal 
up to a temperature where it would 
oxidize or be cut. 


19-17. GAS TUNGSTEN-ARC 
CUTTING PRINCIPLE 
(PLASMA-ARC CUTTING) 


Gas Tungsten-arc cutting or tungsten 
electrode arc uses the principle of 
passing an electric arc througha quan- 
tity of gas and using a restricted outlet 
for this electric arc heated gas to flow 
through. The electric arc heats the gas 
to such a high temperature that itturns 


into what physicists call "plasma." 
Plasma is the fourth state of matter -- 
not a gas, liquid, or solid, As plasma 
is formed, a great deal of heat (heat 
needed to form the plasma) is put into 
the gas and it is this heat (released as 
the plasma changes back to a gas) plus 
the extremely high sensible heat, which 
heats the base metal to the melting 
point. Using the plasma process tem- 
peratures as high as 60,000 deg. UR 
have been reached. 

DCSP is used when cutting. Clean, 
narrow kerfs are possible at high 
speeds. Several ports are sometimes 
used in the torch. Only the center port 
has the arc plasma, while the surround- 
ing ports provide an inert gas protec- 
tion. Gas flow may be as high as 250 cfh. | 

Usually a 25 percent hydrogen - 75 
percent argon mixture is used for cut- 
ting. The operation is usually started 
with 100 percent argon; and, after 
starting, the hydrogen is added. 

As the gas is heated in the nozzle 
it tries to expand, but it is restricted 
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Fig. 19-19. Cross section schematic of torch nozzle used in transfer arc plasma 
cutting process. 


by the nozzle, which acts as a venturi. 
As it passes through the nozzle its 
speed is increased to several thousand 
feet per second, It is this high velocity 
of the gas which removes the molten 
metal from the work and creates the 
kerf, The plasma formed from aninert 
gas, and the inert gas, shields the sides 
of the kerf from contamination and 
oxidation. 

Two types of plasma arc cutting 
processes, Fig, 19-18, are: 

1. Transfer arc. 

2. Nontransfer arc. 

In some gas tungsten-arc cutting 
processes the transferred arc princi- 
ple is used. The work is part of the 
electrical circuit, and anarcis created 
between the electrode and the work in 
addition to the arc between the electrode 
and the holder. Figs. 19-19, and 19-20, 


show schematics of the transferred arc 
process, Straight polarity is used to 
create most of the heat on the work. 
The American Welding Society uses the 
term Gas Tungsten-Arc Cutting for 
this process, but it is also known in 
the industry as Plasma-Arc Cutting, 
and also by the name of Constricted 
Tungsten- Arc Cutting Process. 

In the nontransfer arc process, the 
arc is struck between the electrode 
and the torch nozzle. The work is not 
part of the electrical circuit, as shown 
jn Pip, 4 9-568. 

Of the two methods, the transferred 
arc creates the greatest amount of heat 
and is used when cutting. The gas tung- 
sten-arc cutting method may be used 
to cut almost all types of metals with 
great success and economy because of 
the extreme temperatures and the 
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shielding qualities of the inert gases 
used. Speeds of 300 in, per minute (IPM) 
have been obtained on 1/4-in. aluminum 
plate and 50 IPM on 1-in. aluminum 
plate. Speeds of 100 IPM have been 
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holder. Accurate cuts may be made over 
the length of the rotating metal. 

The iron transfer arc process is 
more often used for surfacing oper- 
ations, See CHAPTER 20. 
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Fig. 19-20. Diagram of transferred-arc plasma cutting process. 


made on 1/4-in. stainless steel plate 
and 30 IPM on 1-in. stainless steel 
plate, All of these cuts may be made 
dross (slag) free. Underwater cuts 
shave also been made with this process. 

The plasma-arc process has also 
been used to "machine" inconel and 
stainless steel metals which are ex- 
tremely hard on ordinary cutting tools. 
The metal is held and rotated in a lathe 
and the plasma-arc torch is held ina 
special fixture on the traversing tool 


19-18. GAS TUNGSTEN-ARC 
CUTTING EQUIPMENT 
AND SUPPLIES 


Gas tungsten-arc cutting may be done 
with automatic equipment, or manually 
as shown in Fig. 19-21. The equipment 
with the exception of the power source, 
is the same as that used for plasma- 
arc welding. See CHAPTER 17. The 
manual type torch for heavy-duty cut- 
ting is usually equipped with a heat 
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shield to protect the operators hands 
from the intense heat. It is necessary, 
for heavy-duty cutting up to 5 in., to 
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to 1-1/2-in. aluminum and 1-in, stain- 
less steel. A high frequency unit is re- 
quired to start the pilot arc at the be- 
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Fig. 19-21. Diagrammatic sketch of the equipment required for a plasma-arc cutting station. 
(Thermal Dynamics Corp.) 


have a power source capable of supply- 
ing DC power of 700 amps. and at 170 
volts. A power source of 400 amps, and 
80V under load may be used to cut up 


Fig. 19-22. A water-cooled plasma-arc torch. 
(Linde Co.) 


ginning of a cut. Cooling water pumps 
and an inert gas or gases under pres- 
sure are also required, For heavy-duty 
cutting, cooling water pumps are re- 
quired to circulate enough water 
through the torch to prevent damage 
from the extreme temperatures of the 
plasma-arc as shown in Fig. 19-22. 
The torches may be either manually 
operated or machine operated, Fig. 19- 
23 shows a manualtorch, The machine- 


Fig. 19-23. Manual plasma- 
arc torch of 50 KW capacity. 


operated torches are usually designed 
with a gear and rack adjustment simi- 
lar to a oxyacetylene machine cutting 
torch as shown in Fig. 19-24. A 200 
KW plasma torch designed for mounting 
on a motorized carriage is shown in 
Fig. 19-25, 

Common inert gases used for gas 
tungsten-are cutting are nitrogen and 
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Fig. 19-24. Plasma-arc cutting torch of 100 KW ca- 
pacity designed for use an an automatic cutting 


machine. (Thermal Dynamics Corp.) 
varying mixtures of argon and hydro- 
gen, Air has also been used as the 
plasma gas with acceptable results. 


19-19. GAS TUNGSTEN-ARC 
CUTTING PROCEDURE 


The first step required in making a 
plasma-arc cut, is to adjust the power 
supply and gas settings. The cooling 
water must also be turned on, as a 
water flow safety device will prevent 
the starter arc circuit from function- 
ing until the water is flowing. 

To start the arc, the operator must 
press the starter button or trigger. The 
control box will then create a highfre- 
quency current to start the pilot arc. 
‘At the same time the plasma gas begins 
to flow and the DC power supply is 
turned on. After the plasma arc is 
established through the ionized starter 
arc, the starter arc is turned off, and 
the cut may proceed as shown in Fig. 
19-26. 


Fig. 19-25. Plasma-arc cutting torch of 200 KW capac- 
ity designed for use on automatic cutting machine. 


In the transfer arc process, the arc 
will go out when the cut is completed 
because there is no longer a complete 
circuit through the base metal, When 
the arc goes out, the gas will also stop 
flowing and if an automatic carriage is 
being used, it will stop also, due to the 
wiring of the circuits, In the nontrans- 
fer process, the operating switch must 
be opened when the end of the cut is 
reached. 

Square edge kerfs are possible with 
this process, but at a slight decrease 
in cutting speeds. Fig. 19-27, shows a 
machine-operated plasma arc torch in 
action, At high-speed settings both 
sides of the kerf will be beveled. Gas 


Fig. 19-26. Complete plasma-arc station being used 


(Linde Co.) 


to cut m metal dome. 
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Fig. 19-27. A 200 KW plasma-arc torch being used to cut a metal plate. 
(Thermal Dynamics Corp.) 


tungsten-arc cutting may be done in useful and versatile process. Fig.19-28, 
any position, and it will cut virtually shows the quality of a cut obtained with 
any metal, This ability makes it avery a compressed air plasma arc torch. 
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Fig. 19-28. Mild steel plate l-in. thick, cut with a 
plasma-arc torch using compressed air as the gas. 


19-20. OXYGEN-PROPANE CUTTING 


Propane may also be used as the 
fuel gas when oxygan cutting. Propane 
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pletely burn one volume of propane and 
1.7 volumes of acetylene are required 
to equal the heat of one volume of pro- 
pane, the propane requires about three 
times as muchoxygen as acetylene does 
to produce the same quantity of heat, 

Equipment used for oxy-propane gas 
cutting is slightly different from that 
used for the oxyacetylene method as 
shown in Fig. 19-29. Regulators re- 
quire special tank attachment fittings 
and torch tips vary in design from the 
oxyacetylene cutting tips, Oxy-propane 
gas cutting is competitive in cost to 
oxyacetylene gas cuttinginareas where 


Fig. 19-29. Oxygen-propane gas cutting station. 
(Phillips Petroleum Co.) 


is obtained in liquid form and is avail- 
able in 20 and 100 1b, net weight capac- 
ity cylinders. Propane gas has 2,520 
Btu's of heat per cu. ft. as compared 
to acetylene with 1,475 Btu's per cu. ft. 
This heat-producing difference means 
that 1.7 cu. ft. of acetylene must be 
burned to equal the amount of heat 
produced by burning one cu, ft. of pro- 
pane. The oxyacetylene flame produces 
a flame temperature of 5,900 deg. F. 
and oxy-propane produces aflame tem- 
perature of 5,300 deg. F. Since five 
volumes of oxygen are required to com- 


oxygen is produced cheaply, or acety- 
lene is relatively expensive. 

Fig. 19-30, shows the colors of 
oxygen-propane cutting flames, 


19-21. LASER BEAM CUTTING 


CHAPTER 17, describes the funda- 
mental principles of the laser beam, 
This beam can also be used for cut- 
ting and piercing metals. The advantage 
of the laser beam is that it can be 
operated to cut or pierce metals in 
locations in a metal structure very 


19-20 


LP Gas Burning in Atmosphere 
Open fuel gas valve until flame begins to leave tip end. 
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Oxidizing Flame with Cutting Jet Open 
Cutting jet stream must be straight and clean. 
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(LP-Gas with excess oxygen.) Temperature 53009F. The hottest 


flame for fast starts, high cutting speeds. 


Fig. 19-30. Conditions of Oxygen-LP gas cutting flame when adjusting the torch. 
(Smith Welding Equip. Corp.) 
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difficult to reach by any other method. 
It also performs the operation with a 
minimum of heat distortion to the base 
metal, due to the rapid rate at which 
it operates, 


19-22. REVIEW OF SAFETY IN 
SPECIAL CUTTING 
PROCESSES 


In this chapter we are dealing with 
very high temperatures, high gas pres- 
sures, high currents, and high voltages. 

The operator must be particularly 
alert for the types of hazards which 
these conditions may produce, 

Burns, flying sparks and electrical 
shock are ever present hazards. 

Reread the review of safety for 
CHAPTERS 3 and 9. In addition, be 
sure to observe the following precau- 
tions. 

1, Clothing, face, eye, and hand pro- 
tection must be provided, The illustra- 
tion used to introduce this chapter 
shows an example of an operator being 
well protected for cutting operation. 

2. Due to the rather high oxygen 
pressures carried in cutting hoses be 
sure all hoses used are in good con- 
dition and that all fittings are tight. 

3. Avoid cutting on tanks, cylinders 
or other containers which may have, 
at some time, held flammable mate- 
rials. 

4. If it becomes necessary tocutinto 
such a container with any kind of a 
flame or arc cutting device first pre- 
pare the container as follows: 

A, Using live steam under pres- 
sure, continuously steam out 
the container for at least a half 
hour until the entire container 
is heated to the boiling tem- 
perature before beginning the 
cutting operation. 

B. If it is an edge or dome that is 


to be cut, fill the container with 
water up to the point where the 
cut is to be made. 

C. In some cases after washing 
out with live steam, the opera- 
tor may wish to flow argon or 
nitrogen through the container 
for some time before the cutis 
to be made in order to replace 
all of the air in the container 
with this inert gas. Argon is 
preferred to helim for this pur- 
pose as it is heavier and will 
not flow away as readily as 
helium. Never gas or arc weld 
or cut on a container which has 
any probability of having anair 
or oxygen-fuel gas mixture in 
it, as it may explode: 

D. Do not use carbon tetrachloride 
for displacing air ina container 
to be cut or welded, as the 
fumes from this substance are 
quite toxic. 

5. Be sure that the area in which all 
cutting operations are performed is 
well ventilated, There will be both 
minute metalparticles and metal oxides 
produced in the cutting operations. 

6. When performing underwater cuts 
ting operations, be sure approved 
diving equipment is provided and, if 
possible, provide a two-way telephone 
communicating system between the un- 
derwater operator, andthe surface staff 
assisting him. 

7, With most cutting operations there 
is considerable sparking and throwing 
of molten slag. Therefore, the area in 
which the cutting is performed must 
be of fireproof construction. 

8. Always have an approved fire ex- 
tinguisher at hand when performing 
cutting operations. 

9. If performing heavy oxyacetylene 
cutting operations for a considerable 
length of time, be sure to manifold 
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two or more acetylene cylinders to- 
gether as, particularly incold weather, 
the acetylene cylinders cannot provide 
a heavy flow of acetylene over a long 
period of time because of low vapor 
pressures, 

10, Due to the great amount of splat- 
ter when flame and arc cutting, be sure 
your eyes are well protected with gog- 
gles or a helmet, even though rays 
from the flame or arc may not seemto 
require such protection. 


11. Never use oxygen to supply pres- 
sure on metal powder when powder cut- 
ting. Oxygen pressure should not be 
used for pressurizing any operating or 
test procedure. Use Carbon Dioxide, 
Nitrogen, Helium or Argon, 


19-23. TEST YOUR KNOWLEDGE 


1. Will metal burn? 

2. Is the oxygen lance consumed as 
it is used for cutting? 

3. Are regular cutting torches used 
in combination with the oxygen lance? 

4, Of what use is compressed air 
during underwater oxy-fuel gas cutting ? 

5. Describe powder cutting. 


6. How is the flux introduced into 
the kerf when flux cutting? 
7. How deep under water may one 
safely perform oxyacetylene cutting? 
8. May one cut under water with an 
arc-oxygen torch? 
9. What type electrodeis usedinarc- 
oxygen cutting? 
10. How accurately can one cut with 
an automatic machine? 
11. What is plasma? 
12. What purpose does iron powder 
serve in a powder-cutting operation? 
13. How is the oxyacetylene flame 
ignited under water? 
14. What is the purpose of the tubular 
underwater electrode? 
15. Is hydrogen usually used as a fuel 
gas for underwater cutting operations? 
16. What is the advantage of using an 
inert gas for cutting purposes? 


17. Describe the transfer arc plasma 
torch principle. 

18. Can compressed air be used in a 
plasma arc torch? 

19, Can concrete be cut with a gas 
flame cutting torch? 

20. What is the temperature of the 
plasma arc torch flame? 
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Chapter 20 
METAL SURFACING 


Surfacing is a special application of 
cohesion and adhesion, whereby a thin 
coat of a different material such as a 
metal, a metal alloy, a ceramic, ora 
plastic is put on the surface of the 
base metal. 

When metal is applied and the base 
metal does not melt, (or its surface 
does not melt), it is called plating (ad- 
hesion). Examples are galvanizing, tin 
plating and/or silver plating. 

When metal is applied and the base 
metal surface does melt, itis cohesion. 
Many hard surfacing alloys are added 
to base metals using this method. 

Paints, plastics, ceramics, and oils 
could be considered surfacers of metals 
as they are often used to protect a 
metal surface and/or to improve the 
appearance of this metal. 


20-1. METAL SURFACING 


The process of metal surfacing may 
be defined as, the process by which a 
layer of metal is bonded or fused to 
the surface of a base material, usually 
metal, When the applied metalis a hard 
metal, the process is called hard 
surfacing. 

This process is only about 40 years 
old although patents were appliedforas 
early as 1896, Inthe 1920's, the process 
began to find great usage in the oil 
industry in the treatment of the surface 
of oil well drills used to bore through 
the abrasive layers of the earth, In the 
1930's the railroads began surfacing 
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areas or their equipment which re- 
ceived abrasive wear in an attempt to 
to decrease the ''down-time' on the 
equipment. Concrete, stone, and many 
synthetic material surfaces have been 
metal sprayed to give them a better 
appearance, also physical andchemical 
protection. 

Today, since new equipment costs are 
constantly rising, more and more in- 
dustries are looking with favor on metal 
surfacing processes to extend the ser- 
vice life of their equipment. 


20-2. METAL SURFACING 
PRINCIPLES 


By applying a layer of the correct 
alloy to the surface of a piece of equip- 
ment, the part may be made more re- 
sistant to corrosion by chemicals, to 
wear and abrasion from contact with 
abrasive materials, tocracks or break- 
age due to shock loads. 

Most steels and steel alloys may be 
hard surfaced with the exception of 
some high vanadium steels and high- 
speed tool steels. 

Some of the advantages of surfacing 
a part with a desired metal alloy are: 

1. Certain dimensions may be main- 
tained under adverse conditions of 
abrasion, corrosion, or impact shocks, 

2. The service life of a part may be 
greatly increased, 

3, Production costs may be lowered 
since less expensive low alloy ma- 
terials may be used and only the areas 
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of high wear need be coated with the 
more expensive alloy required to stand 
up under the service conditions. In 
corrosive conditions of chemical pro- 
duction, low alloy steel surfaces which 
contact the corrosive gases or liquids 
may be surfaced with stainless steelto 
resist the corrosive action, The result- 
ing cost per square foot would be 
appreciably lower than if 100 percent 
stainless steel was used, 

4, Costs would be lowered also, since 
fewer replacement parts would need to 
be carried in stock because of the in- 
creased service life of eachpart. 


20-3. DETERMINING JOB 
REQUIREMENTS 


Many surfacing treatments may im- 
prove the surface's resistance to cor- 
rosion, impact breaks, or abrasive 
wear, but no single surface treatment 
will give the maximum resistance to 
all of these types of deterioration at 
the same time. 

When consideration is given to the 
surfacing of a particular part, four 
factors should be considered: 

1. The nature and cause of the wear 
problem (loss of surface material). 

2, The metal surfacing material 
needed to reduce this wearing condition, 

3, The metal surfacing process which 
will most economically apply the 
selected surfacing material, 

4. The proper technique to be used 
for depositing the surfacing material. 


20-4. THE NATURE OF 
WEAR PROBLEMS 


As mentioned previously, wear, or 
the deterioration of metals may be 
caused by chemical action, The gradual 
consumption of the metal may be by ex- 
ternal rusting or corrosion, or may be 


by chemical etching of the parts (pipes 
or tanks) carrying certain chemicals, 

It is possible to combat chemical 
wear by putting a layer of material on 
the surface which will resist oxidation 
and chemical etching. Such materials 
as nickel, stainless steel, lead, and 
zinc are possibilities depending on the 
chemical process involved. 

Parts may also wear due to constant 
impacts with hard materials. Road 
grader blades, tool and die surfaces, 
power shovel buckets, and engine valve 
faces are examples of impact wear 
which change the original dimensions of 
a part by pounding it out of shape or 
through breakage. 

To reduce impact wear or breakage, 
a material which has greatertoughness 
should be used. Harder surfacing ma- 
terial will prevent deformity due to 
pounding on a softer surface. 

Another cause of weariscontact with 
abrasive materials. Bull dozer blades, 
rock crushing rollers and housings, and 
rock quarry conveyors are examples 
of abrasive wear, 

Hard materials such as tungsten 
carbide or ceramics (chromium and 
aluminum oxide compounds) may be 
used to reduce abrasive wear, 


20-5. HARDNESS DETERMINATION 


Various characteristics of metals 
and their importance are explained in 
CHAPTER 24, 

In the metal surfacing field, the 
property usually given the most atten- 
tion is hardness. By making a part 
from a low carbon steel alloy, the part 
will remain tough and will resist shock 
load which might otherwise cause it to 
fracture, but being toughit will normal- 
ly be comparatively soft and subject to 
wear. To remedy this weakness the 
wear surfaces may be coated with a 
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harder material such as tungsten 
carbide, 

Hardness is the property of a metal 
to resist the action of cutting tools (or 
materials), It is important that the 
hardness of the surfacing material be 
known in order to insure the require- 
ments of a particular job, The three 
most common methods of measuring 
hardness are the Brinell scale, the 
Rockwell scale and the Shore Sclero- 
scope. Test procedures for these meth- 
ods are given in CHAPTER 22, 

A reasonably accurate test for hard- 
ness may be conducted by using a mill 
file, if testing machines are not 
available: 

1. If metal is removed easily--100 
Brinell; 60 Rockwell B; for example, 
low carbon steel, 

2. If metal is readily cut with moder- 
ate pressure exerted--200 Brinell; 15 
Rockwell C; for example, medium car- 
bon steel. 

3. If metal is difficult to cut, though 
possible--300 Brinell; 30 Rockwell C; 
for example, high alloy steel. 

4. If metal is cut with great pres- 
sure only--400 Brinell; 40 RockwellC; 
for example, tool steel. 

5. If metal is nearly impossible to 
cut--500 Brinell; 50 Rockwell C; for 
example, tool steel. 

6. If metal cannot be cut--600 Bri- 
nell; 60 Rockwell C: for example, 
hardened tool steel. 


20-6. SELECTION OF HARD 
FACING MATERIAL 


Hard surfacing materials may be 
grouped into three general classifi- 
cations: Ferrous Alloys, Nonferrous 
Alloys, and Diamond Substitutes. 

The ferrous alloy rods and electrodes 
have an iron base and are alloyed with 
chrome, manganese, nickel, molybde- 


num, silicon, boron, and zirconium, The 
low alloy ferrous materials may con- 
tain less than 20 percent ofthe alloying 
element and the high alloy materials 
may contain between 20 and 50 percent 
of the alloying elements, Chromium, 
tungsten, molybdenum, and cobalt are 
alloying elements in nonferrous rods 
and electrodes. The so called non- 
ferrous rods may contain small quanti- 
ties of iron, 

Diamond substitutes consist of car- 
bides of tungsten, boron, aluminum 
oxides, tantalum, titanium, and borides 
of chromium. Hard surfacing materials 
in this classification are made in rod 
and powdered form as well as ininsert 
form. The rod form may have the sur- 
facing material contained within a hol- 
low alloy steel as shown in Fig, 20-1, 
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Fig. 20-1. Composite structure of a hard-surfacing 
electrode. 


or the material may be uniformally dis- 
tributed in a cast rod form, Powdered 
forms of diamond substitutes may be 
in the form of minutely crushed parti- 
cles or particles suspended in a paste. 
In either case the material is placed 
on the base metal and it sinks into the 
metal as the base metal is puddled. 

Inserts may be diamond substitutes 
cast into a desired shape. These are 
placed in position and brazed or welded 
to the base metal. 

When selecting a hard surfacing ma- 
terial, consideration should be givento 
the ability to resurface it later. Some 
molybdenum, cobalt, and austenistic- 
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manganese steel electrode applications 
cannot be resurfaced later because the 
original deposit may crack. 


20-7. PROCESSES USED TO APPLY 
SURFACING MATERIALS 


The following welding processes may 
be used to apply surfacing materials: 

1. Gas welding - oxyacetylene is the 
most popular. 

2. Inert gas tungsten arc welding. 

3. Atomic-hydrogen arc welding. 

4, Manual metal-arc welding. 

5. Metal spraying. 

6. Plasma arc welding. 


20-8. SELECTION OF HARD 
SURF ACING PROCESS 


The oxyacetylene process for de- 
positing hard surfacing material has 
many desirable features: 

1. The oxyacetylene process is used 
where a surface is to be applied which 
will require a minimum of final surface 
finishing. 

2. The carburizing or reducing 
flame, normally usedto apply hard sur- 
facing material, adds carbontothe sur- 
face and improves the abrasive resist- 
ance of the metal. 

3. Preheating and postheating may 
have to be carefully controlled withthe 
oxyacetylene flame to prevent cracking 
of the surfacing material, 

4. Nonferrous metals are more 
easily applied by this method, 

5. Oxyacetylene is well adapted to 
fusing paste hard surfacing materials. 

When a flawless surface deposit is 
required, the inert gas tungsten arc 
process is frequently used. However 
the metal being hard surfaced must be 
very clean, This requires additional 
equipment and labor costs, In addition, 
the rate of deposit is comparatively 


slow, But because of the high quality of 
the deposit, the inert process is being 
used more and more in the aircraft 
and rocket fields for surfacing new 
parts subjected to some form of ex- 
treme wear. 

The atomic hydrogen process may be 
used whenever a thin layer of sur- 
facing materialis to be placed onthick 
pieces. One application is in building 
up larger dies which become broken or 
require changes. 

The manual metal arc process is 
often used, Larger volumes of sur- 
facing material may be deposited. This 
process has these advantages: 

1. The equipment is highly portable 
and is common to most welding shops. 

2. Surfacing materials may be laid 
on more easily in various positions 
and locations due to the great variety 
of electrodes available. 

3. Great varieties of surfacing ma- 
terials may be laid because of the 
large variety of electrodes available. 

4, Austenitic stainless steels, aus- 
tenitic manganese steels, and nickel- 
chromium-ferritic steels may be sur- 
faced with the metallic arc process. 

5. All factors taken into account, 
most types of normal hard surfacing 
may be done economically with the 
metallic arc process. 

Automatic and semiautomatic pro- 
cesses normally will give a higher 
quality of surfacing deposit, but the pro- 
cesses are not as portable as the man- 
ual process, nor are they as adaptable 
to position welding. Automatic and 
semiautomatic processes are best used 
in the down-hand position. The ad- 
vantages of speed and accuracy of the 
deposit are best utilized in hard sur- 
facing of long straight or curved sur- 
faces in new production, or forrepairs 
when parts can be dismantled and 
brought to tne automatic machines, 
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Fig. 20-2. Hard-surfacing material being applied with the use of an oxyacetylene 

torch. Note that the puddle of molten metal is larger than the puddle used when 

making a weld. The outer flame area preheats the base metal in advance of the 
deposited surfacing metal. A carburizing flame is used when hard-surfacing. 


Metal spraying may be used to de- 
posit almost all virgin metals and 
many alloys to other metal surfaces. 
The deposit is usually thin, and the 
thickness may be held to close toler- 
ances, The surfaces beingtreated must 
be cleaned and slightly roughened. 
Sandblasting may be used for this pur- 
pose. In some instances multiple passes 
may be made to build up a surface with 
hard-surfacing material without danger 
of cracking the previous layers. 

Virtually any materialmay be bonded 
to any other with the plasma-arc pro- 
cess. Ceramics may be sprayed on the 
surfaces of metals to increase their 
resistance to corrosion from heat 
and/or chemicals. Stainless steel may 
be sprayed on low alloy steeltoincrease 
resistance to corrosion and abrasive 
wear. 


20-9. OXYACETYLENE 
SURFACING PROCESS 


To obtain the best results, the sur- 
face should be cleaned and the metal 


preheated to eliminate warpage. A tip, 
one to two sizes larger than used with 
the same rod when welding, should be 
used when hard surfacing. A slightly 
reducing (carburizing) flame is desired 
since any carbon added to the surface 
will aid in the hard surfacing process 
and the reducing flame will reduce the 
oxides on the surface of the work, The 
angles for the torch and rod are the 
same as for welding, as shown in Fig. 
20-2. The metal should be brought up 
to its sweating temperature, approxi- 
mately white heat or 2200 deg. Pa pes 
fore the rod is brought down to the 
work as when brazing. This step is 
shown in Fig. 20-3. The preheat tem- 
perature is important and it is advis- 
able to use a temperature indicating 
crayon, or some other means for de= 
termining the temperature. The pro- 
cess of hard surfacing is very similar 
to brazing as it applies to the welder's 
techniques and manipulation. Fig, 20-4, 
shows steel being hard surfaced using 
the forehand process, while Fig. 20-5, 
shows the backhand technique. 
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Fig. 20-3. Type flame and tip position to use when producing v ‘sweating. con- 
dition prior to hard-surfacing. (Haynes Stellite Co.) 
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Fig. 20-4. Forehand method of hard-surfacing. 
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Fig. 20-5. Backhand method of hard-surfacing. 
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Fig. 20-6. Hard-surfacing shear blade using un oxy- 
acetylene flame and a hard-surfacing rod. 


(Wall Colmonoy Co.) 


The techniques used for holding the 
torch and the hard surfacing rod are 
shown in Figs. 20-6, and 20-7. 

When hard surfacing cast iron, the 
metal will not sweat as it does with 
steel, and the surfacing material will 
not flow as easily. To obtain a good 
job, the rod must be used to break 
through the surface crust of the iron 
by rubbing the heated surface with the 
rod. 


20-10. MANUAL METAL ARC 
SURFACING PROCESS 


Direct current is normally used with 
reverse polarity and with a higher cur- 
rent setting than is normal for the rod 
diameter being used. The high current 
will permit a long arc which will pre- 
heat the metal ahead of the arc, and 
keep the surfacing material molten long 
enough for the impurities to float to 
the surface. An angle of about 45 deg. 
is correct for the electrode. This posi- 
tion provides postheating of the de- 
posited areas behind the arc. A long 
are is necessary to spread the heat 
over a large area andthus prevent deep 
penetration, localized heating and 
warpage. 

Preheating is not necessary before 
applying surfacing materials to all met- 
als, but with alloy steels itis advisable. 


Fig. 20-7. Shear blade being rebuilt using a hard-sur- 
facing rod and an oxyacetylene flame. Notice the mo- 
mentary removal of the flame to aid puddle control. 


When in doubt about preheating the 
following guide rules may be helpful: 

1. Except for heavy sections, low and 
mild carbon steels do not require pre- 
heating. 

2. Preheat high carbon and medium 
carbon high alloy steels. 

3. 12-14 percent manganese steel 
parts should be preheated to 200 deg. 
F. to relieve stresses, However, the 
part temperature should never exceed 
500 deg. F. 

4. Cast iron should be preheated to 
500-700 deg. F. at a slow and uniform 
rate, 

5. When in doubt preheat to 500-700 
deg. F., but be certain the part being 
preheated is not a manganese steel. 

If narrow beads are desired, an oscil- 
lating motion should be used in the 
direction of travel with no sideways 
motion, A good technique is to lay a 
bead about l-in. long and then start 
the next stroke of the same length 
3/4 in. back on the first stroke and 
extend it 1/4 in, past the first stroke. 
The third stroke should start 3/4 in. 
back on the second stroke and extend 
1/4 in. beyong the second stroke, This 
procedure is continuously repeated un- 
til the desired length bead is laid. 

Wider beads require a circular mo- 
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Fig. 20-8. Circular motion being used to obtain bead 
widths from 3/4 to 1-1/4 in. 


tion, A circular motion is started at 
the center and continued in spirals 


until the desired width of bead is ob- 
tained. The operator then continues to 
make circular motions and extendeach 
circle about 1/4 in, beyond the last 
circle in the direction of the desired 
path each time a circular motion is 
made as shown in Fig. 20-8, 

The recommended height of a deposit 
is 1/16 to 1/4 in. and the recommended 
bead width is 3/4 to 1-1/4 in. 

When laying a second bead, the first 
and second bead should overlap 1/4 to 
1/3 the width of the first bead, This 
process will insure a fairly uniform 
surface to the deposited metal as shown 
in Fig. 20-9, 

If more than one layer of surfacing 
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Fig. 20-9. The proper way to overlap adjacent hard-surfacing beads. 
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material is required the beads of the 
first layer should be cleaned before 
laying the second layer. This will min- 
imize slag inclusion, Each bead should 
be made in the same manner as de- 
scribed for laying beads from 3/4 to 
1-1/4-in. wide. 

An interesting technique for laying 
hard surfacing beads is to lay the 
beads in a basket weave pattern. This 
leaves low spots between the beads. If 
the part being hard surfaced is used 
in abrasive material such as sand, the 
abrasive material will build up in the 
low spots between the beads and act as 
an added protection for the base metal 
as shown in Fig. 20-10. 
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Fig. 20-10. Basket weave pattern for laying beads. 
The abrasive material will build up between the beads 
and help protect the base metal. 

(Stoody Co.) 


It should be noted here that small 
beads made with small diameter rods 
cool fastest and mix the least with the 
base metal. Wide beads made with high 
current and large electrodes cool slow- 
ly and mix with the base metal to a 
greater extent. 

The welder must decide how wide a 
bead, how fast the metal should cool, 
and how harmful the mixing of base 
metal with the surfacing material will 
be to the finished job, before he selects 


Fig. 20-11. A lime crusher hammer being hard- 
surfaced using the DCRP arc process. 


a rod and procedure for a particular 
job. 

In many situations better results may 
be obtained by using superimposedlay- 
ers of different hard surfacing alloys. 
Fig. 20-11, shows a lime crusher being 
hard surfaced, after preheat to about 
300 deg. F., with an iron base alloy 
having a nickel and manganese content. 
After hard surfacing, a layer of iron 
base alloy containing chromium, mo- 
lybdenum, silicon and carbon is welded 
over the first layer. 

An application of the twin carbon arc 
method:is shown in Fig. 20-12. The 
percussion end of the chisel is being 
repaired by resurfacing. 


Fig. 20-12. A twin-carbon arc being used as the source 
of heat to surface a cold chisel. 
(Lincoln Electric Co.) 
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The automatic and semiautomatic 
methods of hard surfacing are the same 
as for welding except that a different 
type of wire is used. See CHAPTER 21 
for automatic welding procedures and 
equipment, 


20-11. METAL SPRAYING 
PRINCIPLES 


The metal spraying process may be 
used to spray pure or alloyed metals 
onto a surface which requires a coat- 
ing buildup. The sprayed coating may be 
used "as sprayed," or it may be fused 
to the base metal by reheating with an 
oxyacetylene torch, or by using electric 
induction heating coils. 

Worn or inaccurately machined parts 
may be repaired by havingthe surfaces 
built up to the acceptable dimensional 
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Fig. 20-13. Metal surfacing a shaft using a metal 
spray torch which has a built-in wire feed motor. The 
shaft is being built up to the required diameter. 


limits by the metal spray process, Fig. 
20-13, shows a shaft being metal sur- 
faced using a wire feed torch held in 


Fig. 20-14. A metal spray torch with a built-in wire feed mechanism being used to surface a crankshaft jour- 


nal. The torch is mounted on the lathe cross-feed for better spray control. 


JOURNAL 


(Metallizing Co. of America, Inc.) 


Fig. 20-15. Metal surfacing a shaft as the shaft revolves in a lathe. The metal for spraying is fed 
to the torch in powder form. Air pressure feeds the powder metal to the torch. This metal surfacing 
process is followed by an oxyacetylene flame fusing operation. (Wall Colomonoy Co.) 


the operator's hand. A similar opera- 
tion with the torch connected on the 
lathe cross feed mechanism which in- 
sures even metal spraying is shown in 


pigs 20-14. Occasionally, in original 
production, surfaces are metal sprayed 
with a harder alloy material to reduce 
wear on these surfaces, Fig. 20-15, 
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Fig. 20-16. Metal spraying a shaft. The powder is 

gravity fed to the torch from the container mounted 

on the torch. This torch is equipped with an electric 
vibrator to improve powder flow to the torch. 


shows a shaft being metal sprayed with 
a torch which is supplied with air pres- 
sure fed metal powder. Anothed method 
used to supply the powdered metal for 
metal spraying is shown in Fig, 20-16. 
The powder is fed to the flame by grav- 
ity from the hopper mounted on top of 
the torch, Some close fitting parts of 
jet engines for instance require airtight 
seals which run at extremely hightem- 
peratures, The contacting surfaces of 
these parts are metal sprayed with a 
soft metal, As the rotating parts expand 
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the parts to be joined (capillary flow) 
is difficult to obtain, To insure that the 
brazing material will cover the entire 
surface to be joined, the surfaces may 
be first metal sprayed with brazing 
metal, assembled, and then heated in 
an oven to complete the brazing opera- 
tion, 

Metal spraying may also be used to 
build up a wear or corrosive resistant 
surface on a part subjected to much 
wear. The surface produced by metal 
spraying normally requires the least 
finishing of allthe surfacing processes. 
Metal spraying is often used to refin- 
ish worn shaft bearing journals. 


20-12. METAL SPRAYING 


Metal spraying is a process in which 
metal, in a wire or powdered form, is 
fed through a special torch (spray gun), 
where it is melted in an oxygen-fuel 
gas flame and atomized by high-pres- 
sure gases which carry the atomized 
particles to the cleaned and prepared 
surface. Fig. 20-17, illustrates a metal 
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Fig. 20-17. A schematic of the equipment used 
ina typical wire feed metal spray outfit. 


and contract the soft metals contract 
and form tothe rotating parts to produce 
the required airtight seal. 

In production brazing of certain 
alloys, flow of brazing material between 


spraying outfit used with wire feed 
spray metal. 

The equipment necessary for wire 
feed metal spraying is: 

A. Air Compressor--Capacity of at 


20-12 


* OPERATING ” 
PRESSURES. 


i 
| 


Oxygen: 24 PSI ` 


ACETYLENE 


Fig. 20-18. An outfit for spraying powdered metals. 
The metal powder is fed from the hopper to the torch 
under air pressure. 


least 30 cu. ft. per minute of free air 
required. 

B, Compressed Air Drying Unit- -If 
there is an excess amount of moisture 
in the air supply, it is generally advis- 
able to use an air drying unit, since 
any amount of moisture will interfere 
with the metallizing bond. 

C. Air Receiver Tank--This unit 
smooths out the flow of compressed 
air to the compressed air regulator by 
compensating for compressor pumping 
pulsations. 

D. Fuel Gas and Oxygen Regulators-- 
Two-stage regulators are recom- 
mended. 

E. Fuel Gas and Oxygen Cylinders-- 
Acetylene or propane may be used as 
the fuel gas. 

F. Gas Flow Meters--T win tube 
standard gas flow meters are used to 
keep a constant gas volume flow to the 
gun nozzle. 

G. Compressed Air Control--A sin- 


Fig. 20-19. A torch for spray ing powdered metals 
showing the oxygenacetylene supply, and regulators. 
(Wall Colomonoy Co.) 


gle-stage regulator may be used to 
control the air pressure. Air filters 
are normally used to further purify the 
air, particularly if the air supply is 
also used to supply airtothe operator's 
mask. 

H. Wire Feed Control-- This unit will 
straighten the wire as it comes from 
the coil and feed it at uniform rate, 
and under uniform tension to the gun 
hozzle, 

I. Metal Spraying Gun-- Metal spray- 
ing gun is designed to mix fuel gas, 
oxygen, and the desired alloy wire, 
Some metal spraying guns contain their 
own mechanisms to draw wire from the 
wire feed control coils. 

Some of the equipment needed to spray 
metal powder is shown in Fig. 20-18. 
Equipment not shown includes an air 
compressor, oxygen and acetylene cyl- 
inders complete with regulators, The 
normal air compressor accessories 
are used to insure dry air and a con- 
stant air supply. The torch with its 
oxygen and acetylene supply system is 
shown in Fig. 20-19. This outfit oper- 
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ates with 16 psi oxygen and 10 psi acet- 
ylene pressure. The air pressure used 
is usually 35 psi. 
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Fig. 20-20. A wire feed metal spray torch. The wire 

feed is air turbine powered. The wire feed speed ad- 

justment permits wire speeds of 1/2 to 16 ft. per min- 

ute. The torch will spray wire from 20 ga. to 3/16 in. 
diameter. (Metco, Inc.) 
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20-13. METAL SPRAYING TORCH 


The metal spraying torch must feed 
oxygen, fuelgas, high-pressure air, and 
the wire or powder to the nozzle in 
correct amounts in order that the metal 
spraying process may be successful. 

Fig. 20-20, shows a typical metal 


spraying torch for use with wire sur- 
facing materials. 
Fig. 20-21, shows the location and 
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Fig. 20-21. Wire feed metal spray torch. 
names of the essential parts of a typi- 
cal wire type metalspraying torch. The 


basic operation of this torch is shown 
in Fig. 20-22. The high temperature 
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Fig .20-22. Schematic cross section of a wire feed metal spray torch. 
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flame completely surrounds the wire 
as it is fed through the torch tip. The 
compressed air atomizes the molten 
wire metal, and sprays this metal 
against the material to be surfaced. A 
wire feed type metal spraying torch 
which uses an electric motor to move 
the metal spraying wire is shownin 
Fig. 20-23. 
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Fig. 20-23. Wire feed metal spray torch with an elec- 
tric motor driving the wire feed. Air pressure is used 
to spray the metal. 

(Metallizing Co. of America, Inc.) 


20-14. STARTING AND ADJUSTING 
METAL SPRAYING STATION 


The safety precautions recommended 
for use with all gas welding andcutting 
equipment apply also to the use of 
the metal spraying torch. Check all 
hoses, connections and gauges forleaks 
before using the equipment. The pro- 
cedures for adjusting and lighting the 


wire feed type torch are as follows: . 

1. Open the air valve and adjust the 
air pressure regulator to pressure as 
shown in Fig. 20-24, 

2. Close the air valve. 

3. With the drive roll knob loose, 
insert the wire into the rear wire guide 
and through the gun to the nozzle. 

4. Tighten the drive roll knob until 
the wire begins to feed. 

5. Adjust the speedcontrolring which 
controls the speed of the turbine in the 
air motor, When the speed controlring 
is moved clockwise the wire will speed 
up and when the control ring is turned 
counterclockwise it will slow down, 

6. Close the valve handle. 

7, Open the valve handle to the run 
position and adjust the fuel gas and 
oxygen pressures to the values shown 
in Fig. 20-24, and close the valve 
handle. 


20-15. LIGHTING METAL 
SPRAY TORCH 


Generally, the wire feed metal spray- 
ing torch is lighted using the following 
procedure: 

1. Open the valve handle and wait 
three seconds. 

2. Close the valve handle to the 45 
deg. position until a click is heard. 
This is the lighting position, Light the 
gases at the nozzle with a sparklighter 
and IMMEDIATELY open the valve 


LIGHTING FLOWMETER SPEED 
WIRE AIR AIR PRESSURE READINGS SQ.ET WR. 
METAL SIZE CAP PRESS .001 IN. 
INCHES SIZE PSIG OXYGEN ACETYLENE OXYGEN ACETYLENE AVERAGE 
PSIG PSIG CU. FT./HR. CU.FT./HR. THICKNESS 
Metco Aluminum 1/8 J 2 36 15 32 32 676.8 
Metco Copper 1/8 H 55 35 15 32 32 349.0 
Metco Nickel 1/8 H 55 36 Ve) 32 31 225.2 
Spraybond Wire 1/8 H 50 38 15 33 33 136.6 
Metco-Weld H 1/8 H 40 38 15 35 37 93.5 


Fig. 20-24. Table of metal spraying data as applied to a Metco 4E Metal Spraying Torch. 
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handle to the running (vertically down) 
position. 

3. After lighting the torch, adjust the 
fuel gas and oxygen flow regulator 
according to Fig, 20-24, 

4, Set the speed ring to obtain the 
highest wire speed which will still 
allow the wire to melt off to a certain 
desired point without spattering. The 
wire should usually extend about 1/2 in, 
in front of the air cap; however, this 
distance will vary with the type of coat- 
ing and diameter of the metal being 
sprayed. 


20-16. SURFACE PREPARATION 


Aluminum and magnesium castings 
which have been in contact with oil or 
grease must be chemically cleaned to 
remove the oil which penetrates into 
the metal, and then grit blasted to fur- 
ther clean and roughen the the surface. 
When grit blasting, the moisture in the 
compressed air lines must be held to 
an absolute minimum, since any amount 
of moisture on the surface will reduce 
the bonding strength of the sprayed 
metal, Fig. 20-25, shows a gear being 
sandblasted prior to a metal spraying 
operation, 

Other methods of surface prepara- 
tions are (a) rough threading, (b) groov- 
ing, (c) electric, and (d) metallic spray 
bonding. 


Fig. 20-25. Preparing to clean a gear by sand blast- 
ing. A special enclosed chamber is used. 


On cylindrical surfaces which need 
to be built up, the worn area should be 
turned on a lathe to provide a space to 
deposit the built up metal before any 
of the preparations on the surface are 
used as shown in Fig. 20-26. Shafts 
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Fig. 20-26. Appearance of steel stock after machine 

cutting the surface prior to metal spraying. The 10-X 

magnification shows the roughness needed for good 
spraying results. 


may be rough threaded after being 
turned down to provide a surface rough 
enough to insure a good bond between 
the shaft and the metal spray material. 


~N 

SS 

NS d 

OCCASIONAL / S 
SPARKS / NS 


Fig. 20-27. Schematic showing that approximately 95 
percent of the sprayed metal is in the inner core, and 
is deposited on the surface being sprayed. 


Fig. 20-28. An automated metal spraying operation. 
The electrically powered wire feed is electronically 


controlled. (Metco, Inc.) 


For heavy buildups of hard surfacing 
materials, the surface of the metal 
should be grooved with a chamfering 
electrode or carbon arc electrode, The 
recommended size of the grooves is 
1/4-in. deep and 5/16-in. wide, The 
grooves should never be connected so 
that each groove may more effectivly 
break up stress lines which may de- 
velop in the surfacing material. 

When a surface is too hard to roughen 


by grit blasting or machining, electric 
bonding may be employed. In this 
method, a nickel electrode is normally 
used to fuse small irregular particles 
to the surface whichis tobe metallized, 

A layer of molybdenum alloy may be 
sprayed uniformly onto the surface to 
produce a surface rough enough to 
receive a metallizing spray. This 


- method of surface preparationis called 


metallic spray bonding. 
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Metallic spray bonding may be used 
on hard or soft surfaces, but should not 
be used on copper or copper alloys. 


20-17. SPRAYING 


When spraying, the gun cap (end of 
the spraying nozzle) should be held 
from 5 to 8 in, from the surface being 
surfaced. The gun should be held per- 
pendicular tothe surface being sprayed, 
to insure an even coating. 

In the case of thin parts or small 
diameter shafts, the parts may have to 
be cooled by an air stream to prevent 
overheating. The width of the spray 
cone varies with the wire diameter, the 
type of metal being sprayed, and the 
spraying speed (wire feed rate). The 
spray cone which is visible is con- 
siderably larger than the actual cone 
of spray metal due to the sparks which 
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Fig. 20-29. Gravity-feed metal spraying torch. The 
metal to be sprayed is in the powder form and sup- 
plied in the container mounted on top of the torch. 


travel around the actual cone of metal, 
About 95 percent of the metal being 
sprayed is in a smaller inner cone not 
visible when spraying, as indicated in 
Fig. 20-27. 

Different types of nozzles are used 
for acetylene and propane gases and 
these should not be interchanged. If 
the propane nozzle, with the cupped 
end, is used with acetylene gas, back- 
firing may occur. 

A completely automated flame spray- 
ing installation in operation is shown 
in Fig. 20-28. The torch is electron- 
ically controlled. 

Another process usedto hard surface 
metals is by means of a powdered sur- 
facing material carried to the work by 
an inert gas, compressed air, or grav- 
ity. The powder in the pressure feed 
units is carried to the torch by a third 
hose from a hopper where the powdered 
material is stored under pressure. Fig. 
20-29, shows a gravity feed powder 
metal spray gun. When this torch is 
used with powdered ceramics, anelec- 
tric vibrator is usedto help the ceramic 
powder flow. The powder metal type of 
torch is shown in action in Fig. 20-30. 


Fig. 20-30. Gravity feed metal spraying torch in 
operation. 


This process is used for bond surfacing, 
ceramic surfacing and other metal sur- 
facing. One advantage of this type torch 
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is that the spray powders may contain 
fluxes when necessary. The surface of 
the metal being hard surfacedis some- 
times preheated by using an oxyacety- 
lene flame. 

An interesting application of flame 
spray surfacing is using a metal sur- 
facing operation as a base surface for 
a protective coating of some type of 
sealer. In those situations where the 


sealer would ordinarily have difficulty 
adhering to the metal it is to protect, 
an intermediate metal spray operation 
enables the protective sealer toadhere 
for much greater periods of time, Fig. 
20-31, shows a magnified cross section 
of such an intermediate application. 
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Fig. 20-31. Macrograph of a steel surface, showing 
the metal sprayed on to the base metal surface to 
form a base for a protective sealing surface. 


20-18. PLASMA ARC PROCESS 
OF METAL SPRAYING 


The plasma arc or jet is the result 
of forcing gas, suchas nitrogen, hydro- 
gen, argon and the like into an enclosed 
electric arc. The gas is heated to such 
a high temperature by the electric arc 
that its molecules become ionized 
atoms containing a great deal of ener- 
gy. Plasma is considered by physicists 
as a fourth state of matter, i, e. neither 
gas, liquid, or solid CHAPTER 17, 
explains the process in detail. 


Temperatures of 3000 - 30,000 deg. 
F. may be obtained with plasma arc 
equipment, This process can be very 
successfully used for surfacing by 
spraying. In general, any inorganic 
material which will not decompose may 
be sprayed. Examples of materials 
being applied to a base metal are: All 
ferrous metals, ceramics, tungsten, 
tungsten carbides, tantalum, zirconium 
diboride, platinum, columbium, haf- 
nium, vanadium carbides and others. 

Coating densities are up to 98 per- 
cent of theoretical density and the plas- 
ma arc application is easy to control, 
Pure tungsten and tungsten carbides 
may also be applied to almost any base 
material with up to 95 percent densi- 
ties. 

A typical plasma arc torch is shown 
in Fig. 20-32. The principle of the 
process is: 

Using direct current, an arc is 
formed between the internal electrode 
and the nozzle and the plasma or gas 
is ionized within the nozzle. The mate- 
rial to be sprayed is carried to the arc 
area in the nozzle, by the same gas 
used for forming the plasma, where the 
metal is melted and atomized. The 
atomized surfacing material is then 
carried to the surface to be sprayed 
by the high velocity of the plasma jeu 
Speeds of 20,000 feet per second may 


Fig. 20-32. Plasma-arc metal spraying torch in 
operation. 
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be reached with the plasma jet, but 
normally much lower speeds are re- 
quired. Fig. 20-33, shows a schematic 
of a plasma arc metal spraying torch, 

Nitrogen with from 5 - 10 percent 
hydrogen gas is generally used for the 
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A complete plasma arc station would 
usually include: 

1, Plasma-jet spray gun. 

2. Control unit with an on-off switch, 
starter arc controls, gasflowcontrols, 
ammeter and voltmeter. 
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Fig. 20-33. Basic electrical circuit, gas flow, surfacing material flow, and cool- 
ing of plasma-arc metal spraying torch, shown schematically. 


plasma gas, with pure nitrogen being 
used as the carrier gas to propel the 
powdered surfacing material to the 
melting zone within the nozzle. 

The entire plasma jet nozzle is usual- 
ly water cooled, Distilled water is often 
used in the cooling circuit to prevent 
mineral deposits and thereby lengthen 
the life of the equipment. Fig. 20-34, 
shows a cross section of a plasma arc 
metal spraying torch, Fig. 20-35, shows 
the external view of the same torch. 
The cooling circuit, gas circuit, and 
powder feed are shown, 


3. Heat exchanger in whichcity water 
is used to cool the distilled water cir- 
culating in the gun, Water flow controls 
are also included in this unit, 

4, Powder control unit--This unit 
controls the pressure and quantity of 
the powder fed to the gun. 

5. Power supply unit--The current 
supplied to the electrodes is controlled 
and stabilized by this unit. 

6, Gas and water hoses and electri- 
cal cables, 

7. Safety equipment--F ace shield, 
heat resistant and reflecting clothing, 
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Fig. 20-34. Schematic of a plasma-arc metal spraying torch. 


gloves, and ear plugs to protect ears 
of the operator from the intense noise 
caused by the plasma jet. 
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Fig. 20-35. An external view of the plasma-arc metal 
spraying torch shown in Fig. 20-34. 


8. Water wash spray booth is used 
to protect other workers from over 
spray of both flame and material. 

An interesting application of the 
plasma arc metal spraying process is 
used when making rocket parts such 
as nozzles, The parts are exposed to 
extreme temperatures anderrosion 
wear due to the high velocities and 
temperatures to which they are ex- 
posed. Rocket nozzles are made from 
zirconium, platinum, or other rare and 
expensive metals, too rare in fact to 
be machined to shape where the ma- 
chining chips would have tobe salvaged 
and remelted. 

In the plasma arc process, the de- 
sired metal is sprayed into an alumi- 
num or brass form (mandrel) tothe de- 
sired thickness and then the mandrel 
is removed from the shell of rare metal 
by dissolving it with acid. 
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20-19. ELECTRIC ARC 
SPRAY SURFACING 


Another process used to spray met- 
als is the electric arc spray method. 
This method consists of maintaining an 
arc between two metal wires which are 
automatically fed to the arc position in 
the spray gun by electric drive mech- 
anisms similar to those used in gas 
metal-arc welding. The metal melted 
by the arc is then sprayedontothe sur- 
face by using an air jet or an inert gas 
jet directed across the arc and at the 
surface to be sprayed. 


20-20. FINISHING HARD- 
SURFACED OBJECTS 


Cobalt base alloys may be ma- 
chined with carbide cutting tools, but 
the cutting tool angles must be proper- 
ly ground for the hard-surfacing 
material. 

Grinding is an economical way to 
finish iron-base hard-surfaced alloys. 
High cutting speeds must be avoid- 
ed since they may overheat the surface 
and cause surface cracks to form, 

Nickel based materials should be 
machined for best results. 

Tungsten carbide surfaces must be 
ground since the surface is too hard to 
be machined economically. 


20-21. REVIEW OF METAL 
SURFACING SAFETY 


All of the safety precautions speci- 
fied for gas welding, arc welding, weld- 
ing on containers and the like, also 
apply to metal surfacing operations. 

Excellent ventilation is essential at 
all times because of the fluxes used, 
and because of the toxic effects of some 
of the alloys inthe surfacing materials, 

Protective clothing should be kept 


clean and in good condition, Your eyes 
should be protected at all times. 

Ear plugs are necessary when using 
the plasma arc metal spraying torch 
as the high plasma velocities create a 
damaging sound pitch andintensity. 

You must be constantly on the alert 
to avoid spraying metalonflammables, 
or on a person. 


20-22, TEST YOUR KNOWLEDGE 


1. List several materials which are 
used as surfacing material for metals. 

2. Describe the type bond between the 
added material and the base metal. 

3. What are the advantages of hard- 
surfacing versus making the article 
out of 100 percent hard material? 

4. What happens if the base metal is 
melted too much during a hard-sur- 
facing operation? 

5. Is metal spraying a fusion or ad- 
hesion process? 

6. What hard-surfacing process uses 
compressed air? 

7. Of what material is the surfacing 
rod made whenthe oxyacetylene method 
of hard-surfacing is used? 

8. May a metal be hard-surfaced using 
the electric arc process? 

9, How does the plasma arc process 
differ from the oxygen-fuel gas torch 
process? 

10. May metal surfacing be used to 
build up a bearing journal? 

11, May metal surfacing materials be 
finished by grinding the surface? By 
machining the surface ? 

12. Are some metal spraying torches 
electrically power driven? 

13. How does the compressed air move 
the spray wire? 

14. How is powdered metal fed to the 
torch flame ? 

15. May ceramics be sprayed ona sur- 
face using the plasma arc torch? 
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AUTOMATIC WELDING, 
CUTTING EQUIPMENT 


Today virtually every industry and 
business is moving toward automation 
and cybernetics (mechanical-electrical 
communications system). The welding 
industry is moving rapidly to convert 
various hand welding operations to 
either semi- or fully automatic pro- 
cesses, These changes are being made 
in an attempt to increase production, 
to improve quality, and to lower costs, 
Every serious student of welding should 
become familiar with the various auto- 
matic processes, mechanisms, and 
controls, in order to stay abreast of 
the rapidly changing welding industry 
of today. 

The student of welding will do well 
to remember that, while many pro- 
duction welding jobs may be taken over 
by automatic welding processes, the 
man who sets up the machines, adjusts 
and services them, is usually both a 
skillful manual welder and a person 
who knows metals, common welding 
processes, and is familiar with most 
manufacturing processes. 


21-1. PRINCIPLES OF 
AUTOMATIC WELDING 


Automatic metallic are welding has 
several advantages over the hand weld- 
ing processes and may be used as an 
example of the advantages and prin- 
ciples of other forms of automatic 
welding. 

Some advantages of automatic arc 


21-1 


welding over manual arc welding are: 

1. Low electrode stub loss due to 
the continuous feed from a reel of weld- 
ing wire. 

2, Relief from the labor of concen- 
trating on the arc length, speed, and 
other variables which must be con- 
trolled for a good quality weld. 

3. Much higher currents may be 
maintained with any given electrode 
size as compared to hand welding. 

4, Weld height, width, fusion and 
penetration will be uniform once the 
automatic controls are adjusted cor- 
rectly. 

5. Weld rates are higher in auto- 
matic welding than in hand welding. 
See Fig. 21-1. 

The advantages mentioned can only 
be obtained however, with correctly 
fitting weldment components. In hand 
welding, the operator can slow downor 
speed up his weld to compensate for 
poor fits and alignments, but in auto- 
matic welding, the machine once ad- 
justed, will continue along a seam ata 
constant rate. This action might cause 
poor welds in poorly fitted sections of 
a joint. However, some of the modern 
automatic welders have solved the arc 
length problem. As the arc length 
(voltage) varies the speed of the weld- 
ing wire feed speed, is changed in- 
stantly to compensate, by electronic 
controls. 

Included in the various types of auto- 
matic welding equipment are variable 
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speed drive motors, gas controls, cool- 
ant fluid controls, timers, current con- 
trols, sequence controls, and instru- 
ments for testing and inspecting various 
circuits in these machines. Not all of 
these components are included on each 
welder, but most welders have several 
of these units operating in conjunction 
with one another to form a more auto- 
mated unit. 


In some automatic operations, when 
the electric motor is used for the pur- 
pose of moving wire, the motor oper- 
ates through a gear box, Knurled drive 
wheels press against the wire and 
move the wire at the desired feet per 
minute. The type drive motor varies 
according to the type welding current 
source. If the source is the drooping 
voltage type or the rising voltage type, 


MANUAL WELDING 


AMPS. IN. PER MIN. 


150 18 
200 7 
250 3 
150 14 
200 11 
250 5 


AUTOMATIC WELDING 


METAL ELECTRODE 
THICKNESS SIZE 
1⁄4 BUTT 1/8 
1/2 BUTT 5/32 
3/4 BUTT 1/4 
174 BEL ET 1/8 
5/16 EIBEET 5/32 
1/2  FJEEET 1/4 
METAL ELECTRODE 
THICKNESS SIZE 
1/4 BUTT .040 
1/2 BUTT .060 
3/4 BUTT -060 
1/4 pIELET -040 
SAO PIELET .040 
UV2NBIECET .060 


AMPS. IN. PER MIN. 


300 70 
400 36 
500 22 
300 40 
350 28 
400 15 


Fig. 21-1. Comparison of approximate 
manual and automatic arc welding speeds. 


21-2. ADJUSTABLE SPEED 
DRIVE MOTORS 


Variable speed drive motors may 
be used in automatic equipment to: 

1. Move a torch or electrode along 
the work. 

2. Move the work under the torch. 

3. Move the electrode at acontrolled 
rate. 

Large coils of welding wire are used 
in automatic welders to enable con- 
tinuous welding operation. The wire is 
fed into the weld area by adjustable 
speed drive motors. 


FIELD 
ARMATURE WINDING 
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S VARIABLE 
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Fig. 21-2. Schematic wiring circuit of an adjustable 

speed motor. A manually-operated variable resistance, 

in series with the motor, is used to control the speed. 

The universal motor may be connected into an AC or 
DC circuit. 
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the arc length must be very accurately 
controlled, With these types of welding 
current machines, the motor is usually 
connected into the welding transformer 
electrical circuit. As a change in arc 
length occurs due to poor fits or for 
some other reason, the voltage changes 
in the welding transformer anda signal 
is sent to the wire drive motor to speed 
up or slow down the speed of the wire 
feed as required. 

An arc voltage rise will speed up the 
motors while an arc voltage decrease 
will slow them down, Two types of 
motor speed controls are commonly 
used: 

1. A make and break governor, 

2. An electronic tube or transistor 
control. 

In gas metal-arc welding, when a 
constant potential current source is 
used, an adjustable speed drive motor 
is used to feed wire to the electrode 
holder at a rate adjusted by the oper- 
ator on the control box. Fig. 21-2, 
shows a wiring diagram of an adjust- 
able speed motor. 

One of the more common variable 
speed drive motors is the low voltage 
series wound universal motor, This 
motor varies its speed directly with 
the voltage. As the voltage increases, 
the motor speed increases. When these 
motors are electrically connected to 
the are circuit, as the arc voltage in- 
creases (a longer arc) the motor will 
speed up and feed electrode wire faster. 
Then, as the arc length decreases, and 
therefore the arc voltage decreases, 
the motor speed will decrease andless 
wire per unit of time will be fed to the 
weld, The motor, therefore, responds 
to the arc voltage and will maintain 
any preset arc voltage desired within 
the capability of the machine. 

The wire feed motors must have con- 
trols to enable the operator to manual- 
ly control the wire feed for loading 


purposes; also to reverse the wire 
movement, that is, to inch the wire 
either forward or backward, 

The operator may also control the 
wire feed to the arc area by using an 
on-off switch in the holder to stop the 
wire feed, The operator has full manual 
control of the torch movement along 
the joint, 


21-3. GAS CONTROLS 


Gas controls for gas welding or inert 
gas arc welding consist of pressure 
regulators, flowmeters, and gas flow 
control valves, The pressure regula- 
tors used are the same in most respects 
as those used in oxyacetylene welding. 
See CHAPTER 2. 

The flowmeter is describedin CHAP- 
TERS 11 and 12. It is used to measure 
the quantity of gas needed. 

For applications of gas tungsten-arc 
welding (TIG) or gas metal-arc weld- 
ing (MIG), a valve in the gas line may 
be controlled by a solenoid. It is held 
open by the solenoid while current is 
flowing in the coil, When the operator 
pushes the start button or trigger, the 
solenoid is electrically energized, The 
magnetism opens the valve and gas be- 
gins to flow immediately. The solenoid 
circuit can be in parallel to the arc 
circuit, When the arc is struck, current 
will flow in the secondary windings of 
the welder, and some current will flow 
in a parallel circuit to operate a relay. 
This relay controls the flow ofelectri- 
city to energize the solenoid, Fig. 21-3, 
shows a simplified solenoid valve cir- 
cuit. 

When the arc is broken, the gas 
should continue to flow for a short 
time to protect the electrode from con- 
tamination while it cools. This feature 
is sometimes provided by a bimetal 
strip in the solenoid valve. While cur- 
rent is flowing, this bimetal strip is 
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Fig. 21-3. Relay-controlled solenoid valve used to control inert gas flow to an inert 
gas arc welding torch. 
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Fig. 21-4. Schematic wiring diagram of an inert tungsten-arc welding outfit. This 
unit has a relay on the inert gas flow. 


solenoid valve is held up or open by 
the bimetal unit until it cools. As the 
bimetal strip cools, it will bend to its 
unlocked position, The solenoid core 


heated, which locks the solenoid valve 
open, After the arc is broken and cur- 
rent no longer flows in the solenoid or 
heating coil of the bimetal strip, the 
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will drop, shutting off the gas flow as 
shown in Fig, 21-4, Some devices use 
an electronic tube to control the sole- 
noid electrical flow, The delayed clos- 
ing of the solenoid is obtained due to 
the continued flow through the tube until 
it cools after the arc shunt current has 
stopped flowing. 

In some less-automated units, ame- 
chanical gas flow control valve is used, 
The electrode holder is hung on a hook 
which is connected to a needle valve, 
When the holder is picked up, the 
spring-loaded needle valve opens, per- 
mitting inert gas to flow, When welding 
is completed and the holder is replaced 
on the hook, the gas flow is stopped, 
The same device may be used to stop 
and start the flow of the electrode 
holder cooling water. See CHAPTER 12. 

Another gas used frequently in auto- 
matic welding operations is com- 
pressed air. Airunder pressure is used 
to operate air cylinders which move 
parts of the machinery, move stock, 
and/or clamp stock. 

Compressed air flow tothese devices 
is controlled by automatic valves. A 
popular type valve for this purpose is 
the solenoid operated valve, as shown 
in Fig. 21-5. 

In all fluid piping systems, it is im- 
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Fig. 21-5. Solenoid valve used to control inert gas 


flow. (A-P Controls Corp.) 


portant to know at all times whether 
the fluid is flowing. This may be done 
by using a flow indicator. One such 
device uses a reed inserted in the 
fluid piping as shown in Fig. 21-6. 


Fig. 21-6. Fluid flow switch. This switch may be 

wired to turn on a warning light and-or turn off the 

electrical power to the welder in case the water flow 
stops or becomes insufficient for cooling. 


(McDonnell and Miller, Inc.) 


When the fluid is moving, the reed will 
bend and its bending movement is elec- 
trically connected either to a safety 
switch or to an indicator. 


21-4. WATER CONTROLS 


Water or some other coolant is re- 
quired for cooling transformers, elec- 
trodes, and electrode holders of many 
automatic and semiautomatic welders. 
Such parts as the transformers andthe 
electrodes in resistance welders, and 
the electrode holders in gas tungsten- 
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arc and gas metal-arc welders, are 
frequently water-cooled. A well-con- 
trolled supply of coolant reduces the 
wear and increases the efficiency of 
these machines. 

Solenoid valves, pressure regu- 
lators, volume controls, and safety 
relays are often used to control cool- 
ant flow. Pressure regulators are set 
at a few pounds less than the supply 
water pressure, since the supply pres- 
sure may vary and the machine must 
have a constant pressure and a con- 
stant volume flow to obtain uniform 
cooling. 

Safety relays are electrically con- 
nected to the pressure and volume con- 
trols, and also to a shut-off switch on 
the welder. If the coolant is not flowing 
or is flowing at a rate insufficient for 
proper cooling, the electricalcircuitis 
opened and the machine is automati- 
cally shut off, Fig. 21-7. 
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Fig. 21-7. Safety switch for water circuits. If the water 
pressure decreases, the electrical circuit will open. 


In the more complex machines, water 
flows only when current is flowing in 
the secondary circuit and welding is 
being done, This procedure reduces the 
water flow and therefore reduces the 
cost of water usage. This control is 
obtained by wiring the water-flow sole- 
noid valve into the secondary circuit 


rather than into the primary circuit. 
The circuit in this case uses a relay 
operated by the secondary circuit to 
open and close a circuit to operate the 
solenoid valves. 

Coolant lines must be cleaned ona 
scheduled basis to insure proper cool- 
ing. Calcium and sulphate deposits may 
form in the coolant lines and seriously 
affect the cooling of the machine. Me- 
chanical or chemical cleaning may be 
used to clean the water lines. 


21-5. THREE-WAY VALVES FOR 
HYDRAULIC OR PNEUMATIC 
SYSTEMS 


Three-way solenoid valves are often 
used to open and close the operating 
passages of a hydraulically or pneu- 
matically operated cylinder onanauto- 
matic welder. Fig.21-8, showsathree- 
way valve. 

This valve is normally in the closed 
position, The passage of hydraulic 
pressure from port A on the inlet, to 
port C on the outlet side of the valve, 
is blocked by the main valve. 

When the solenoid is energized, the 
solenoid pilot valve is moved down, A 
passage is then completed from port D 
through port E to the top of the main 
valve. This pressure on top ofthe main 
valve forces it down, thus opening the 
passage from Ato C and tothe operating 
cylinder connected to passage C. 

When the solenoid is de-energized, 
the solenoid pilot valve is moved up by 
spring pressure blocking the passage 
from port D to port E. Pressure is 
relieved from above the main valve by 
passing through port D, F, G, and to 
the release port at B. When pressure 
is relieved from the top of the main 
valve, it is moved up by pressure from 
below, thus closing the passage from 
A to C, and opening the passage from 
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Fig. 21-8. Three-way solenoid valve for controlling hydraulic fluid flow. 
(Airmatic Valve, Inc.) 


C to B allowing the fluid in the C a mechanical nature, such as, a clock 
passages to discharge through opening or cam, They may be of an electronic 


B. nature, such as a vacuum tube, gas 
tube, or transistor. 
21-6. TIMERS The clock or chronographcan be used 


to make electrical contacts at specific 
Timers for controlling the operation time intervals to operate a machine. 
phases of the welding cycle may be of It is not practical to use this type of 
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timer for time intervals of one second 
or less. 

Cams rotated by constant speed elec- 
tric motors may be used to make and 
break electrical contacts to energize 
various circuits within the welder. 

Where timing must be measured in 
cycles, that is in parts of the 60 cycles 


DC HOLDING 


BIAS RON 


diee PEAKED 
SHIFTER VOLTAGE 
P 
1 
FROM FIRING 
CONTROL $ | BIAS H 
TUBES 1 


F L 
1 AC HOLDING 
BIAS 


Sy 
uc 
aad 


IGNITRON 


THYRATRD 


Fifteen hundred interruptions per 
minute are possible with a thyratron 
control, Hot cathode mercury vapor 
tubes may be used with these control 
tubes and a synchronous timer and a 
series transformer used to control the 
firing of the welding transformers. See 
Fig. 21-9. The control tubes and syn- 
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Fig. 21-9. Schematic wiring diagram of spot welder electrical circuit using two 
ignitron tubes and two thyratron tubes. 


per second time, tubes or transistors 
are generally used. The simplest form 
of this type of timer is a three elec- 
trode tube, a condenser, which is kept 
charged between cycles to a definite 
value, and a variable resistor through 
which the condenser discharges to give 
the timing period. Times of 3 cycles 
or 3/60 of a second are possible using 
this method. This time may be varied 
by changing the resistance in the cir- 
cuit using the variable resistance. 

The exact timing required for alu- 
minum and stainless steel spot weld- 
ing methods requires the use of the 
thyratron controls in conjunction with 
ignitron controls. 


chronous timer cause the mercury tube 
or thyratron tube to be either con- 
ducting or nonconducting, A series 
transformer provides the high voltage 
for the thyratron tubes through its 
secondary windings, 

When the thyratron tubes are made 
conducting, the secondary of the series 
transformer is short circuited. The 
full voltage is then applied to the weld- 
ing transformer primary and the weld 
is made. When the tubes are made non- 
conducting, they act as a valve in the 
circuit, and the line voltage to the 
welding transformer is insufficient to 
perform a weld, This interval is then 
the "off'' period in the welding cycle. 
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Fig. 21-10. Schematic of thyratron control tubes. These tubes are connected in 
the circuit which sends current through the mercury pool of the ignitron tube. 


A schematic of two types of thyra- 
tron tubes is shown in Fig, 21-10, The 
tube is shown in Fig. 21-11. Suchtubes 
serve as timing devices for the igni- 
tron tubes, 


Fig. 21-11. A thyratron tube. 


21-7. CURRENT CONTROLS 


The ignitron control operates in a 
similar, but more complex electronic 


method than the thyratron tube con- 
trol. This tube permits large current 
flow. When the mercury is vaporized 
by the thyratron ignition circuit cur- 
rent, the vaporized mercury allows 
large amounts of current to flow from 
the cathode to the anode. The ignitron 
tube may be made of glass or steel 
depending on the current requirements 
of the welder. 

Ignitron tubes come in five sizes: 
A, B, C, D, and E. These tubes are 
water-cooled, Sizes B, C, D, and E have 
a built-in water jacket, while size A 
has a clamp-around water jacket, Tube 
capacities are shown in Fig. 21-12. 

Tube temperature should not exceed 
125 deg. F. Some of the tubes have 


AMPERE CAPACITY 


BASED ON 
IGNITRON TUBE APPROX. 20% COOLING WATER 
MODEL DUTY'CYCEE GAL S/MIN. MINIMUM 
A 200 1-1/2 
B 600 1-1/2 
C 1300 1-1/2 
D 3000 3 
E 8000 5 


Fig. 21-12. Table of ignitron tube properties. Capacities fluctuate 
depending on many variables. Size tube to be used should be carefully 
calculated based on Resistance Welder Manufacturers Association 


(R.W.M.A.) standards. 
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thermostatic protection. If the tube 
temperature reaches 125 deg. F., the 
thermostat opens, shutting down the 
system. The thermostat points close 
again at 105 deg. F. Fig. 21-13, shows 
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Fig. 21-13. Main parts of an ignitron tube. When 

ignitron fires mercury vaporizes. The vaporized mer- 

cury completes the circuit between the cathode 
and anode. (General Electric Co.) 


a schematic of an ignitron tube showing 
the cooling water jacket. 

Some units use the combination of a 
ignitron mounted thermostat and a sole- 
noid valve in the water lines, to control 


the water flow. Such a device is usedto 
economize on water, If the temperature 
of the tube lowers to approximately 
85 deg. F., the water circuit is closed. 
When the temperature of the tube rises 
to 105 deg. F., the thermostat contacts 
will close, and the solenoid water valve 
will be energized allowing cooling water 
to flow. Fig. 21-14, illustrates anigni- 


Fig. 21-14. Ignitron tube thermostat. 


tron tube thermostat, while Fig. 21-15, 
shows athermostat mounted on the tube, 

It is recommended that the cooling 
water-in temperature be 90 deg. F. 
maximum and 50 deg. F. minimum, The 
pressure drop in the circuit is usually 
15 to 20 psi. The exhaust water should 


Fig. 21-15. Ignitron tube with a thermostat mounted 
on the tube. 
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Fig. 21-16. Simplified circuit using two ignitrons to enable use of both halves of 


alternating current cycle. 


be to an open drain (1) to provide an 
air gap protection against reverse 


syphoning and (2) to allow a visual check . 


to be sure water is flowing. These tubes 
have a decreasing amperage capacity 
as the duty cycle increases. 

The ignitron tube fires for only one 
half the alternating current cycle 
(= sec.). Two tubes must be used to 
obtain current flow for both halves of 
the cycle as shown in Fig. 2IeMD, A 
pictorial view of the two-tube combin- 
ation is shown in Fig. 21-17. 

The tubes are fired by a peaked 
voltage from a transformer supplied 
with current from a phase shifter. The 
phase can be shifted over 100 deg., the 
exact amount depending on the power of 
the welder. 


(National Electronics, Inc.) 


Ignitron tubes are connected in re- 
verse parallel, This arrangement 
allows one tube to flow one half of the 
cycle and the other tube the other one 
half of the cycle. The tubes control the 
current flow in the primary windings 
of the transformer, and are connected 
in series with the primary windings of 
the welding transformer. 

The ignitron tubes are fired by the 
thyratron tubes in the shunt circuit, 
The grids of the thyratron tubes are 
controlled by four different voltages in 
series: 

A. DC holder bias voltage. 

B. Peaked voltage. 

C. Firing bias voltage. 

D. AC holder bias voltage. 

Wiring of the various adjustments is 
shown in Fig. 21-9. AC and DC holder 
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Fig. 21-17. Pictorial view of full-wave ignitron installation. 


bias keeps the thyratron tubes noncon- 
ducting, since the peaked voltage is 
insufficient to overcome the biases, 

When the control tubes energize the 
firing bias, the voltage from the firing 
transformer overcomes the balance in 
the parallel circuit and causes the 
thyratron tubes to become conductors, 
Current then flows to the ignitron tube. 
The ignitron tubes fire andimmediate- 
ly short circuit the thyratron tubes, 
making them conducting again, The 
first ignitron tube now permits current 
to flow to the primary of the welding 
transformer and the transformer sec- 
ondary winding produces the low- 
voltage high-current electrical flow 
which produces the weld. 

The number of cycles or time is 
determined by the control tubes, The 
average current value is set by the 
heat control phase shifter. The effect 
of the phase on the cycle is shown in 
Fig. 21-18. These two controls decide 
the firing point of the thyratron tubes 
and therefore the action of ignitron 
tubes. 
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Fig. 21-18. Schematic showing effect of phase shift- 
ing on the AC cycle. 


A complete cabinet installation of 
thyratron tubes, ignitron tubes, control, 
and main switch is shown in Fig. 21-19. 
The same cabinet with the door openis 
shown in Fig. 21-20. 
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Fig. 21-19. Resistance welder electrical control 
cabinet. 


21-8. SEQUENCE CONTROLS 


Where many automatic welding ma- 
chines are operating in one shop, care- 
ful consideration must be given to the 
current load on the AC supply lines, 
If all the machines are operated at the 
same time, the power circuits might 
become seriously overloaded, causing 
malfunctions in all of the electrical 
equipment in that shop andinthe neigh- 
borhood. Therefore, some control over 
the sequence of operation of the various 
machines is necessary to prevent such 
overloads, 

In a single, high-current machine 
where multiple electrodes are used, 
the electrodes may be sequenced (timed 


Fig. 21-20. Resistance welder electrical cabinet showing tubes and wiring. 
(Robotron Corp.) 
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to be used in a certain order) by means 
of cams, The cams rotate when the 
machine is energized and force the 
electrodes intocontact ina preset order 
according to the placement and shape 
of the cam lobes, 

The electrodes of a multiple elec- 
trode welder may be sequenced by 


trolled pneumatic circuit, andthe sole- 
noid will be energized when it receives 
current from the distributor. 
Electronic timers may also be used 
to sequence the functions of a resist- 
ance welder, Thyratron or ignitron 
tube timers in conjunction with relays 
may be used to actuate solenoids con- 
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Fig. 21-21. Thyratron-tube controlled se- 
quence circuit connected to hydraulic circuit. 


means of a rotating current distributor, 
As the timer rotates, it makes and 
breaks contacts to various electrode 
solenoid circuits, Each electrode will 
be forced against the metaltobe welded 
by means of this solenoid valve con- 


trolling either hydraulic, pneumatic or 
electromagnetism circuits, By shift- 
ing the phase slightly on each of a 
number of welders, no two welders 
would operate at exactlythe same time, 
as shown in Fig. 21-21. 
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21-9. INSTRUMENTS FOR 
TESTS AND INSPECTIONS 


Expensive highly automated equip- 
ment necessitates instrumentation 
either attached to the machine or read- 
ily available in the shop. The instru- 
ments are used to determine how the 
various electrical, electronic, cooling, 
pneumatic, and hydraulic circuits are 
functioning. 

Gauge-type thermometers may be 
used to indicate the temperature of the 
coolant at the inlet and outlet, and to 
check the efficiency of the cooling sys- 
tem, Flowmeters may be used tocheck 
the volume of coolant flow. 

An oscilloscope with a visual repre- 
sentation on a cathode tube screen may 
be used to check the various electronic 
and electrical circuits for proper 
functioning. 

When resistance welding alumin- 
um and other nonferrous metals, timing 
and pressure application is a critical 
factor. The duration of current flow 
is measured in terms of a part of the 
60 cycle/second input current. Cycle 
counters have been employed to deter- 
mine if the current flow lasts for 1 cycle 
of the 60 cycle period or 1/60 ofa sec- 
ond, These counters are electronic 
units which enable the operator or the 
setup technician to adjust the weldcur- 
rent time to precise needs. 

When resistance welding ferrous 
materials, usually a mechanical pres- 
sure gauge on the hydraulic or pneu- 
matic system provides suni ement 
accuracy. However, when the pressures 
must be more exact, and the true force 
of the electrode against the metal must 
be known, transistorized strain gauges 
are used to measure the electrode force 
during the weld and forge periods. 

To keep accurate control of vari- 
ables such as weld pressure, forge 


pressure, weld current, weld time, and 
forge time, a permanent record of the 
variables may be made by using a 
recording oscillograph. As many as 
12 variables can be recorded on the 
graph paper at one time. The varia- 
tions can be detected and changed im- 
mediately as they occur when this 
device is used, 


21-10. AUTOMATIC GAS WELDING 


Oxyacetylene and oxyhydrogen weld- 
ing equipment may be adapted to auto- 
matic welding by using an adjustable 
speed drive motor to propel the weld- 
ing torch along the joint to be welded, 
Some joints may be designed to use 
the base metal as the filler metal for 
this type operation. Some automatic gas 
welding is done where the welding rod 
may also be fed into the puddle at a 
constant rate by using an adjustable- 
speed drive motor on the filler wire 
roll. 


21-11. AUTOMATIC ARC WELDING 


Inert gas- metal arc welding systems 
such as gas tungsten-arc (TIG) and 
gas metal-arc (MIG), have been de- 
signed to take advantage of the high 
welding rates, uniformity of weld, and 
the savings in gas consumption which 
are possible with automatic equipment, 
The automatic TIG and MIG welder 
uses welding rod in the coil form, The 
wire is fed to the electrode holder at a 
predetermined rate by adjustable drive 
motors as shown in Fig. 21-22. The 
electrode holder may be moved across 
the work, or the work moved under the 
electrode at a constant speed, by other 
adjustable-speed drive motors. 

Arc length may be controlled auto- 
matically. 


Aluminum, stainless steel, magne- 
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sium, titanium, and other previously 
hard to weld metals have been success- 
fully welded with automatic equipment, 
As in manual welding, the base metal 
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Fig. 21-22. Automatic welding head for flux cored wire. 


must be thoroughly cleaned to insure 
sound welds, 

The carbon arc may be used in auto- 
matic equipment by moving the arc over 
the joint at a uniform rate with an ad- 
justable speed drive motor, The flange 
is melted down rapidly due to the ex- 
treme temperature of the carbon arc 
and weld rates of 400 ft/hr are possible 
with no welding rod required. When 


welding rod is needed, this rod may be 
fed to the weld automatically. 


Multiple arc welding may be used 


with any of the above mentioned pro- 
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CONTROL 
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hi -«— NOZZLE 
(Lincoln Electric Co.) 


cesses by mounting several welding 
heads above the work, so that several 
weld beads may be made in one joint 
simultaneously, or, several welds may 
be made at the same time as shown in 
E328921-239: 

Studs may be welded to metal fab- 
rications at an extremely fast rate 
using a semiautomatic or automatic 
gun-type resistance welder. A stud, 
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spike, or rod is loaded into the gun 
together with a ceramic ferrule which 
is used to limit the weld size and in- 
sulate the weld area, When the gun is 
triggered, the stud is pulled up off the 
work slightly and the arc is formed, 
After a suitable time, the studis forced 
into the molten pool and fusion takes 
place. 

The automatic plasma-arc process 
uses adjustable speed drive motors to 
move the work under the welding head, 
or to move the welding head. Gas pres- 
sure regulators and flow meters are 
used to control the inert gas, Adjust- 
able speed motors are used to feed 
the electrode into the arc area. See 
CHAPTER 17. 


21-12. AUTOMATIC RESISTANCE 
WELDING 


Spot, seam, projection, butt, and 
flash-type resistance welds may be 
made automatically or semiautomati- 
cally, CHAPTERS 13 and 14 describe 
these machines in detail. In a fully 
automatic machine, after making the 
proper adjustments for weld and forge 
pressures, weld, hold and off time, 
coolant flow rate, and welding current, 
the operator needs only to load and un- 
load the parts to be welded. However, 
even this work can be done mechan- 
ically. 

Any number of welds may be made 
at one time using projection welding. 
The roller electrode ofthe seam welder 
could have an intermittent current 
sent to it to produce a long line of spot 
welds. Welds of many types can be 
made on the automatic machine by using 
programming tapes which signal elec- 
tronically when the weld action should 
start and stop, when the weld movement 
should start and stop, when the current 
should increase and decrease, and in 
what direction the weld operation should 


travel, Tape controlled automatic weld- 
ing is growing in popularity. 

Three operating devices for auto- 
matically operating resistance welding 
electrodes are shown in Fig. 21-24. 


21-13. AUTOMATIC BRAZING 


Brazing also has been automated in 
a-number of ways. Vapor-flux has been 
in use with the oxyacetylene torch for 
years, Flux is mixed by bubbling acety- 
lene gas through a liquid flux held in 
a closed container. The container is 
connected between the regulator and 
torch. In this manner a constant supply 
of flux is fed to the work withthe acet- 
ylene gas. This eliminates the need to 
stop the welding process to flux the 
joint or the brazing rod. 

When soft soldering or brazing is 
to be used to connect two parts to- 
gether, a special solder form (ring 
or shim) may be designed to fill the 
joint to be soldered or brazed, The 
pieces of the fabrications, together with 
the solder forms, may be placed into 
a gas firedorelectric induction furnace 
and heated. When the correct tempera- 
ture is reached, the joining materials 
will tin and braze the joint. 


21-14. AUTOMATIC CUTTING 


Carbon arc cutting may be automated 
in the same manner as the arc pro- 
cesses described previously. 

Inert gas fed through a hollow me- 
tallic electrode may be used to cut 
nonferrous metals by means of the 
heat developed in the arc and the pres- 
sure of the gas through the hollow 
electrode, This process can be auto- 
mated by using drive motors, pressure 
regulators, flowmeters, and other 
equipment similar to that used on the 
inert arc process, 

Cutting heads may be mounted on 
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tracer-type machines so that when an 
operator moves a stylus or follower 
around a form to be cut, the cutting 
head at some distance from the opera- 
tor, will cut the same shape as that of 
the template used, Several cutting heads 
may be used and several parts cut at 
the same time, 


Adjustable speed drive motors have 
been used to move a cutting head along 
a preshaped track to cut a shape in the 
same form as the track. Such motors 
are used to move a cutting head around 
a pipe to chamfer the edge in prepara- 
tion for a butt weld. These forms of 
automation have been used for years. 


Fig. 21-24. Three different models of resistance welding 
electrode heads. The middle head uses magnetic force, 
while the others use fluid pressures to create forces. Note 


the use of diaphragms and complete switch. 


(Acro Welder Mfg. Co.) 
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21-15. AUTOMATIC METAL 
SURFACING 


The processes of metal surfacing 
may be automated by passing the part 
under the surfacing device at a uni- 
form rate of speed or moving the device 
automatically over the surface. In this 
way a uniform thickness of a desired 
metal may be bonded to the base metal, 

The plasma-arc may also be auto- 
mated to apply a controlled thickness 
of surfacing material to a surface. The 
part to be surfaced is moved under the 
arc by drive motors and the surfacing 
metal is fed to the surface at a uni- 
form rate. The speed of the part or 
surfacing metal wire feed may be auto- 
matically changed, to change the thick- 
ness of the surface applied. 


21-16. ELECTRICAL LEADS 


The electrical leads in automatic 
welding must be carefully planned and 
placed, Welding circuit connections 
must be as close to the weld as pos- 


Fig. 21-25. Rotating ground attachment which may 
be used to insure good electrical connections when 
work moves during welding operation. 
(Lenco, Inc.) 


sible. If the article being welded 
rotates or moves, the electrical con- 
nections to this article can be solved 
by using a rotating ground attachment 
as shown in Fig. 21-25. 


21-17. SUMMARY 


Various controls, power devices, 
timers, gauges, and instruments are 
necessary in the automatic and semi- 
automatic welding processes. There 
are many forms of automatic welding. 
Most welding may be automated because 
automatic power devices, controls, and 
instruments may be adapted to per- 
form practically any task that is needed, 


21-18. REVIEW OF SAFETY 
PRACTICES IN 
AUTOMATIC WELDING 


All of the safety practices discussed 
in previous chapters relative to gas 
welding, arc welding, resistance weld- 
ing and the like also apply to automatic 
welding. 

In addition one must be very alert 
to power driven devices. Moving 
torches and/or welding heads may 
move against an operator. The electri- 
cal leads and gas hoses also move and 
this movement must be checked to be 
sure these devices do not catch on ob- 
Structions or move into a dangerous 
area, 

The pressure devices used to create 
the forces necessary must be main- 
tained in good condition or sudden re- 
lease of pressures by broken lines or 
parts may injure ones eyes or body. 

Electrical cabinets should be kept 
closed to prevent objects falling into 
the electrical devices causing danger- 
ous shorts and sparks. 

One should manually operate an auto- 
matic system through its full length of 
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travel or operating cycle to make cer- 
tain that there are no obstructions to 
prevent accurate and safe operation 
during the automatic operation. 


21-19. TEST YOUR KNOWLEDGE 


1. Does automatic welding involve 
different welding process than manual 
welding? 

2. Does automaticwelding mean 
automatically moving and controlling 
the metal to be welded, automatically 
moving and controlling of the welding 
method, or both? 

3. List some advantages of automat- 
ic welding. 

4. List some disadvantages of auto- 
matic welding. 

5. What basic system is commonly 
used to maintain a constant arc length? 

6. Name some energy mediums used 
to produce motion. 

7. List several methods usedto guide 
a flame or an arc along a predeter- 
mined path. 

8. Why should the water-cooling sys- 
tem of a resistance welder be elec- 
trically connected to the resistance 
welding circuit? 


9, Why is it common to say that 
electronics are the brains of automa- 
tion while pneumatics, and hydraulic 
mechanisms are the muscles of auto- 
mation? 

10. Describe the principle and opera- 
tion of a solenoid valve. 

11. Why are pressure regulators used 
on some pneumatic piping? 

12. How does a bimetal strip protect 
the electrode of some gas metal-arc 
outfits ? 

13, What is the most common reason 
for installing a solenoid valve in a 
water circuit? 

14. Why are timers used on some 
resistance welding units? 

15. What is a Thyratron? 

16, What vapor enables current to 
flow in an ignitron? 

17. How is resistance welding elec- 
trode force measured? 

18. What is a popular method of apply- 
ing solder in an automatic soldering 
operation? 

19. Why is an oscilloscope needed to 
check or inspect some automatic weld- 
ing operations? 

20. What is meant by the term "firing 
bias?” 
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Positioning X-ray tube head for testing aircraft landing gear. 
(Sperry Products, Inc.) 


Chapter 22 


INSPECTING AND TESTING 
WELDS 


A finished weld is not always as good The methods used to determine the 
or as bad as it may appear to be on quality of a weld may be broken down 
its surface. Due to the increasingly into two general classifications: 
high standards of production, reliable 1. Nondestructive tests. 


methods of testing and inspecting welds 2. Destructive tests. 
are required. The welding method used, the shape 
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of the article, and the kind of metal 
influence the type of testing or inspec- 
tion required, 

Spot welds and seam welds have in- 
spection limitations. 

A corner joint or T-joint is difficult 
to test by some methods. 

Pipes, and containers lend them- 
selves to pressure testing. 

In this chapter methods of testing 
welds will be shown and explained, 


22-1. NONDESTRUCTIVE TESTS 


The method of testing a weld without 
destroying its usefulness as a finished 
product (nondestructive testing) is by 
far the fastest and least expensive in 
terms of a finished product. 

Methods which fall under this classi- 
fication include: 

1. Visual inspection, 

2. Magnetic particle inspections, 

3. Liquid penetrant inspection, 

4. Ultrasonic inspection. 

5, X-ray inspection, 

6, Eddy current inspections. 

7, Mass spectrometer detection, 

8. Air pressure leak tests. 

9. Halogen gas leak tests. 

Numbers 2, 3, 4, and 5 are the more 
popular methods used in the industry. 


TEMPLATE FOR 
OXY-ACETYLENE WELDED 
TOZITENJIRIEE 


Fig. 22-1. Template for testing bead contour of welds. 


Standards of inspection have been es- 
tablished for these four types. 
Working drawings which show stan- 
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dard symbols of what should be tested, 
how, from what side, etc. will be found 
in CHAPTER 28, 


22-2. DESTRUCTIVE TESTS 


Certain types of weldments must be 
cut up and even ground up to determine 
the various physical properties. When 
the weld is destroyed or damaged be- 
yond use, the test is a destructive test. 

Several destructive tests are: 

1. The tensile test. 

2. Chemical analysis. 

3. Bend test. 

4. Microscopic test. 

5. Macroscopic test. 

6. Hardness test. 

“7, Charpy test. 

8. Hydrostatic test to destruction. 


22-3. VISUAL INSPECTION 


A weld which is not required to have 
a high physical strength may be in- 
spected for cracks, inclusions, contour, 
and certain other qualities visually. 
This type of inspection is subjective in 
nature, and usually has no definite and 
rigidly held limits for acceptability. 
A template may be used to check the 
contour of the weld bead. Figs. 22-1, 
and 22-2, show such templates. Using 
the visualinspection method, aninspec- 
tion may compare a finished weld with 
an accepted standard, and pass or 
reject a weld by comparison method 
only. 

This test is effective only when ap- 
pearance is the most important quality 
of the weld. 


22-4. MAGNETIC PARTICLE 
INSPECTION 


This method is most effective in 
checking a weld for surface or near 
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surface flaws. It is used only on mate 
rials which can be magnetized. A liquid 
solution containing very tiny magnetic 
particles is painted or sprayed onto 
the surfaces being checked and the 
metal is then subjectedtoa strong mag- 
netic field. These particles are colored 
red or black and are suspended in a 
fine oil vehicle. The choice of color is 
dependent on which color, black or red, 
gives the best color contrast. Any lack 
of continuity at or near the surface of 
the metal when magnetized, creates a 
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Fig. 22-2. Above. Gauges for measuring and inspect- 

ing both convex and concave fillet welds from 1/4 to 

1 in. Below. Blades of gauge used to check concave 
and convex weld contours. 


(Fibre Metal Products Co.) 


local north and south magnetic pole, 
and attracts the metallic particles in 
the solution used. When the magnetic 
field is removed, the inspector will 
find a concentration of magnetic par- 
ticles in the area of every flaw. If 
imperfections are found they are ground 
or chipped away, the part is rewelded, 
and then retested. Fig. 22-3 shows the 
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Fig. 22-3. Magnetic field is created around a weld 
as current is passed through the weld between two 
test prods. (Magnaflux Corp.) 


magnetic field which is created around 
the weld area being tested. 

Two methods are used to create the 
magnetic field: 

1. Passing current throughthe object 
being inspected by means oftest prods. 

2. Placing a powerful electromagnet 
or permanent magnet against the object 
to allow the magnetic field to pass 
through the material being inspected. 

The magnetic field flux lines should 


Fig. 22-4. Magnetic powder and electrical test prods 

being used to locate surface defects in a weld. One 

of the test prods used here is magnetically attached 

to one end of the weld. This frees one of the inspec- 

tors hands and allows him to apply the magnetic 
powder. 
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be as perpendicular to the crack as 
possible. Because the location of the 
crack is not known, the article should 
be magnetized twice; one inspection 
being made at 90 deg. to the other, 
Fig, 22-4, shows magnetic powder 
being used to detect flaws in a weld 
which has been magnetized by elec- 
trical test prods, 

A kit whichincludes an electromagnet 
used to create a magnetic field in the 
metal is shown in Fig. 22-5, The use 
of this method is shown in Fig, 22-6, 
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Fig. 22-5. Kit for magnetic inspection using an 
electromagnet. 


Fig. 22-6. An electromagnet being used to inspect n 
cylinder block for cracks by means of the magnetic 
particle test. 


The magnetic field can also be pro- 
duced by using a permanent magnet 
as shown in Fig. 22-7, The electro and 


Fig. 22-7. Permanent magnet used to magnetize metal 
which is to be inspected with magnetic particles. 


permanent magnet systems are con- 
venient, and are also used where an 
electrical spark may be dangerous, 
Another type of electromagnet, shown 
in Fig. 22-8, is used when inspecting 
pipes and shafts. 


Fig. 22-8. Ring type or torus shaped electromagnet 
used to magnetize pipes or shafts to be inspected 
with magnetic particles. 


The material to be tested should be 
as clean and bright as possible prior 
to the test. 

The magnetic test for cracks is also 
very popular as a checking device in 
many service trades (aircraft, auto- 
motive, truck, marine, and the like). 
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Locating cracks in axles, shafts, 
gears, crankshafts, and landing gear 
parts before performance failure oc- 
curs is of considerable importance. 


22-5. LIQUID PENETRANT 
INSPECTION 


The liquid penetration inspection 
method uses colored liquid dyes and 
fluorescent liquid penetrants to check 
for surface flaws. This system can be 
used to detect surface flaws in metals, 
plastics, ceramics, and glass, This 
method will not detect subsurface flaws, 

The liquid dye penetrant is sprayed 
onto the clean surface being inspected, 
After allowing a short time for the 
liquid to penetrate the excess amount 
of dye is removed with a cleaner, and 
the surface is washed with water and 
allowed to dry. After the surface is 
thoroughly dry, a developer is sprayed 
on the surface which brings out the 
color in the dye penetrant that has 
penetrated into any cracks or pin holes. 
Surface flaws will show up as shown in 
Fig. 22-9. 

Fluorescent liquids are used in a 
manner similar to dye penetrants. A 
fluorescent liquid is applied tothe sur- 
face being inspected. After a shorttime, 
the excess fluorescent liquid is re- 
moved with a cleaner and the surface 
is washed and dried, A blacklight source 
is then brought up to the surface. All 
areas where the fluorescent liquid has 
penetrated will show up clearly under 
the blacklight, as shown in Fig. 22-9. 

The dye, the cleaner, and the devel- 
oper are available in aerosal spray 
cans for convenience. Some solvents 
used in the cleaners and developers 
contain high percentages of chlorine, a 
known health hazard, to make the liquids 
nonflammable. Solvents and developers 
containing chlorine should be used with 


great care, 


Because the penetration ability of the 
dye varies according to the materials 
being tested, and because the penetrant 
activity varies with the temperature, it 
is important to allow sufficient time 
(this varies from 3 to 60 minutes) to 
permit accurate inspection, At room 
temperatures, the time usually recom- 
mended is from 3 to 10 minutes. 


22-6. ULTRASONIC INSPECTION 


A relatively new method of inspecting 
welds is to use high frequency sound 
waves. This testing technique can de- 
tect internal flaws as wellas surface 
flaws. The principle involved is the 
same as the echoranging principle used 
to find submarines under water. Ahigh 
frequency sound wave (ultrasonic wave) 
is sent into the metal for very short 
periods (1 to 3 microseconds). Then 
the wave is stopped. The same unit 
which was used to send the sound wave 
then acts as a receiver to listen to the 
ultrasonic wave as it is reflected 
through the metal. The sound again 
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Fig. 22-9. Indications of surface flaws found by liquid 
dye or fluorescent penetrant method of inspection. 
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flows, stops, and its reflected wave is 
picked up by the transceiver (trans- 
mitter-receiver unit). This cycle is 
repeated from 1/2 to 5 million times 
per second, Each wave is visually rep- 
resented on an oscilloscope. The os- 
cilloscope is calibrated to pick up only 
flaws of a size which would be con- 
sidered harmful. The oscilloscope wave 
pattern is also calibrated to show the 
distance between the searching unit and 
any flaw found, as shown in Fig. 22-10. 


ULTRA-SONIC 
SEARCH 
UNIT 


ULTRA-SONIC 
SOUND WAVE 


of this system is that noextra materials 
are needed, and the parts are not dam- 
aged. 


22-7. X-RAY INSPECTION 


Welds may be checked for internal 
flaws by means of the X-ray. X-ray is 
a wave of energy which will pass through 
most materials and reproduce their 
image on film (radiography), on a flu- 
orescent screen (fluoroscopy), or on a 
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Fig. 22-10. Schematic drawing showing the path followed by the ultrasonic search 

unit and path of sound waves as they move through the metal being tested. The 

initial, also echo indications, are shown on the sound oscilloscope in a manner 

similar to that shown at A. The distance between peaks is an indication of how 
far the flow is from the searching unit head. 


A complete ultrasonic test unit is 
shown schematically in Fig. 22-11. This 
system is fast and results are deter- 
mined at the moment of testing. How- 
ever, the operator must have some 
training, to insure consistent inter- 
pretation of results, Another advantage 
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television screen for viewing at a re- 
mote spot (TVX). Fig. 22-12, illus- 
trates diagramatically the principle of 
the fluoroscopic system of examining 
a pipe weld. The radioactive energy 
may be produced electronically in an 
X-ray machine, or by means of radio- 
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Fig. 22-11. An ultrasonic testing unit. The ultrasonic sound is sent and received 
by the search unit. The signal is displayed on a cathode ray tube. The pattern 
indicates any defects. (Sperry Products, Inc.) 


active isotopes. Equipment using radio- 
active isotopes is portable and may be 
used to check welds made in the field. 
Portable X-ray equipment is shown in 
Fig. 22-13. Certain safety precautions 
must be observed while using radio- 


active meterials, to prevent illness and 
even death from overexposure. Radio- 
graphers inspect welds made before 
any further work is done on the weld- 
ments. A radiograph, if made (and this 
action is often required), is a perma- 
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Fig. 22-12. Diagrammatic explanation of a fluoroscopic examination of a pipe weld. 


(National Tube Div., U. S. Steel) 


Fig. 22-13. A portable X-ray unit. 
(Picker X-ray Corp.) 


nent record of welds made on critical 
construction such as pipelines, ships, 
aircraft, and the like, Fig. 22-14, shows 
equipment being readied for taking a 
radiograph. 
|. Several popular radioactive isotopes 
are: 
Cesium 137 
Cobalt 60 
Iridium 192 
Samorium 153 
Therilium 170 


These isotopes give off gamma rays 
which are about 1/4-in. in size. Because 
they are small and need no electrical 
source, and because they give off rays 
in all directions, they are more flexible 
in use than standard X-ray equipment, 

Isotopes must be handled with great 
caution, Only specially trained per- 
sonnel should handle them, 

The energies needed to X-ray vary 
considerably, Equipment is available 
from 50 KV (K = 1000, V = volts) to 
24,000 KV (2,400,000 Volts). 140 KV will 
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Fig. 22-14. Portable X-ray equipment being set up 

to inspect a weld on a large pipe section. The oper- 

ator will move a safe distance away from the X-ray 

head when he operates the controls which release the 

radio active energy through the metal to the 
sensitive film. 
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X-ray 2-in. steel while 24,000 KV will 
X-ray 20-in, steel, Fig. 22-15, illus- 
trates the principle of radiography. 
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which the flaw occurs cannot be de- 
termined with an X-ray made from only 
one direction. 


EQUIPMENT CHECKS INTERNAL 
PHYSICAL STRUCTURE OF MANY 
MATERIALS. SPOTS ON FILM 
INDICATE VOIDS OR OTHER 
DENSITY VARIATIONS. HIGH 
VOLTAGE X-RAY UNITS PRODUCE 
HARD RADIATION NEEDED TO 
PENETRATE THICK SPECIMENS. 


Fig. 22-15. Schematic of X-ray photography of a weld. 
(Phillips Electronic Instruments) 


Fig. 22-16. X-Ray machine being set up by an oper- 
ator to radiograph the welded seams of a spherical 
steel electronic gear housing. 

( Baldwin-Lima-Hamilton Corp.) 


Fig. 22-16, shows an X-ray machine 
being set up to radiograph a welded 
seam. 

Flaws in a weld usually are easily 
seen in an X-ray radiograph as shown 
in Fig. 22-17. However, the depth at 


Fig. 22-17. An X-Ray (radiograph) of a weld in 1-1/2- 
in. steel plate. Note how the undersurface crack at 
the left shows up in the X-Ray photograph. 
(General Electric X-Ray Corp.) 
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The equipment required when in- 
specting by means of X-rays depends 
on: 

1. Kind of material, 

2. Thickness of material. 

3. Accessability of part to be tested. 

4. The geometry of part to'be tested 
(for example, a flat plate is easier to 
inspect than.a pipe cluster). 


22-8. EDDY CURRENT INSPECTION 


When an AC coil is brought up close 
to a conductive metal, it will induce 
eddy currents in the object, These eddy 
currents produce their own magnetic 
field which opposes the field of the AC 
coil, increasing the impedance (resist- 
ance) of the AC coil. Coil impedance 
can be measured, When a flaw passes 
under the AC coil, the eddy currents 
vary in the metal. This in turnchanges 
the impedance of the coil whichis wired 
to flash a warning light, and the loca- 
tion of the flaw can be found, This 
method is presently being used tocheck 
thin wall tubing at the rate of 200 fpm. 


22-9. INSPECTING WELDS USING 
PNEUMATIC OR HYDRAULIC 
PRESSURE 


A common method of testing pres- 
sure-vessel welds (tanks and pipe lines) 
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to determine if leaks are present, is 
to use gas or air pressure, Carbon- 
dioxide gas pressure is well suited for 
the purpose because of its nonexplosive 
properties when in contact with oils or 
greases. A small pressure should be 
built up in the vessel or pipe (25 to 
100 psi), and a soap and water solu- 
tion put on the outside of each weld. 
Leaks will be indicated by the forma- 
tion of bubbles. The ability of the ves- 
sel to hold pressure is also an indica- 
tion of its tightness. The vessel to be 
inspected may be pressurized and the 
pressure noted on a gauge. After 24 
hours the gauge is again checked, Any 
drop in pressure indicates a leak, This 
test is easily applied and is safe since 
the pressures used are usually under 
100 psig. 

Another test for pressure vessels is 
to coat the surface witha lime solution, 
After the lime has dried, pressure is 
built up in the vessel. Where the lime 
flakes from the metal, a flaw is indi- 
cated as being present. Hydraulic pres- 
sure, using water as the fluid, is the 


Fig. 22-18. Testing a weld sample in a vise: A. Sam- 

ple before bending. B. Sample after bending 90 deg. 

(note the weld is closed in on itself, to test the pene- 
tration). C. Sample after bending it back 180 deg. 


usual medium used in this test. This 
test may also be used to reveal the 
weakest portion of a welded vessel if 
enough pressure is created without 
destroying the vessel. 

To inspect pressure vessels for 
leaks, water is still a popular method, 
but water is not a reliable check for 
extremely small leaks. 

By pressurizing a vessel with chlo- 
rine, fluorine, helium, or other non- 
oxygenated gases, and placing a pickup 
mass spectrometer tube ona suspected 
leakage area, a flow of one part of these 
gases in 1,000,000 parts of air may be 
detected to indicate a minute leak inthe 
pressure vessel, 


22-10. BEND TESTS 


A popular method of testing a weld 
which does not require elaborate equip- 
ment, is the destructive bend test. The 
method is fast and shows most weld 
faults quite accurately. A sample spec- 
imen may be tested to destruction to 
determine: 

1. Physical condition of the weld, and 
thus check on the weld procedure. 

2. To determine the welder's quali- 
fications. 

This method is particularly appro- 
priate where large numbers of identical 
pieces are to be fabricated. The usual 
method of testing is to take one piece 
out of a predetermined quantity and test 
it to destruction. The destructive test 
may show up such qualities as tensile 
strength, ductility, fusion, penetration, 
and crystalline structure. 

The equipment used for a test of 
this kind depends on the shape andtype 
of articles to be tested: a common 
method is to clamp the piece to be 
tested in a vise and by means ofa 
bending bar bendthe metalatthe welded 
joint. Fig. 22-18 illustrates this test, 
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This method of bending quickly gives 
the approximate strength of the weld, 
while the stretching of the metal de- 
termines to some extent its ductility. 
Any cracking of the metal will show 
false fusion or defective penetration. 

Many fixtures have been devised to 
help test weld specimens to destruc- 
tion, After the weld has been broken, 
the appearance of the fracture will show 
the crystalline structure. Large 
crystals will usually indicate wrong 
welding procedure, or poor heat treat- 
ment after welding, while small 
crystals will usually indicate a good 
weld, 

The guided root or face bend test, 
as described in CHAPTER 27, is a 
bend test made under specified condi- 
tions to determine certain physical 
properties of a weld, The radius of 
the bend made on the test sample must 
be 3/4 in, to meet AWS test standards. 
As the bend is made, the metal is 
guided or controlled at all times by 
the bending fixture so that all samples 
are bent in exactly the same manner, 
Fig. 22-19, illustrates a hydraulically 
operated guided bend tester. Free bend 
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Fig. 22-19. A hydraulically-operated guided bend test 
machine. (Vega Enterprises) 


tests are also made on specially pre- 
pared weld samples as described in 
CHAPTER 27, 


22-11. IMPACT TESTS 


It has been found that it is possible 
for a weld to test sound by a variety 
of tests, but fail under a rapidly applied 
load (impact). The impact test may be 
made by either the Izod or Charpy 
method, These methods are similar, 
but the shape and position of the notch 
varies. 
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Fig. 22-20. A Charpy impact testing machine. In this 
tester the pendulum is lifted and dropped against the 
test specimen which is held in the clamp. The impact 
force is indicated on the dial. 
(Riehle Div., Amatek, Inc.) 


A test piece is notched in aspecified 
manner and clamped in the jaws of an 
impact testing machine, A heavy pendu- 
lum is lifted to a given height and then 
dropped against the notched specimen 
to determine what impact force it can 
withstand, Figs. 22-20, and 22-21. The 
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higher the weight is lifted before it is 
dropped, the greater the force on the 
notched specimen. 


SPECIMEN 
MOUNT 


ical properties of sample welds or base 
metal specimens. Occasionally, the 
testing is performed by a metallurgi- 
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Fig. 22-21. A Charpy impact testing machine. A, shows the pendulum in the ready 
position. B, shows the pendulum in the impact position. 
(Manlabs, Inc.) 


The indicator needle on the testing 
machine shows what force was exerted 
on the test specimen, The impact force 
is increased until the test piece finally 
fails. This test determines the ultimate 
impact strength of the weld specimen. 


22-12. LABORATORY METHODS 
OF TESTING WELDS 


To determine weld strength, most 
companies that do welding toany extent 
have established laboratories 
for scientifically determining the exact 
characteristics of welds, These labor- 
atories are equipped with modern 
equipment, which can be used todeter- 
mine the complete physical and chem- 


cal department, and in some cases a 
part of the shop is set aside for this 
purpose. 

Some items to be determined in a 
laboratory test are: 

1. Tensile strength, 

2. Ductility. 

3. Hardness. 

4. Microstructure. 

5. Macrostructure (deep etch). 

6. Chemical constituents. 

The conditions under whichthe spec- 
imens are tested are kept identical, 
meaning that the specimens are all 
of a standard size. The length need not 
be the same, but the cross section area 
must be the same. Samples should also 
be taken from identical positions from 
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the large weld which is being tested. 

The Society of Automotive Engineers, 
the American Society of Mechanical 
Engineers, and American Society of 
Testing Materials, have adopted stan- 
dards for laboratory tests of metals. 
These standards involve specifications 
of various physical qualities to be 
maintained for different types of welds, 
and specifications for various test 
specimens or samples. Some sample 
test pieces are shown in Fig. 22-22. 
This is done in order to have a means 
of comparing the standards of one 
company with those of another, and to 
enable standard testing machines to be 
built, 


22-13. TENSILE DUCTILITY 
METHOD OF TESTING WELDS 


To tensile test a weld, a specimen 
of the weld is mounted in a machine 


Fig. 22-22. Samples of weld test specimens tested 

to destruction. These were machined to standardized 

measurements before testing. All pieces shown are 

tensile test specimens except the pair on the right. 

This pair is a Charpy impact test specimen after it 
as been fractured. 


(General Electric Co.) 


and stretched, The machine determines 
three values for the weld: 

1. Tensile strength of metal. 

2. Yield point of metal, 

3. Ductility of metal. 
The tensile strength is recorded as the 
number of pounds per square inch re- 
quired before the metal stretches be- 
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Fig. 22-23. Strength graph of a metal showing the yield point and the permanent 
set left in the steel when returned to a no-load condition. 
(Titinius Olsen Testing Machine Co.) 
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Fig. 22-24. Portable, hydraulic tensile tester in use. This same machine may also be used to perform a guided 


bend test on a weld. 


yond its elastic limit. The elastic limit 
of the metal means that it can be 
stretched just so far, and willreturnto 
its original length after the load is 
released, However, when more load is 
applied to the specimen after the elastic 
limit has been reached, the specimen 
loses its elasticity and the metal will 
not return to its original condition or 
size. When the specimen stretches 
instantaneously, or gives at a certain 
loading, but does not break, this is 
called the yield point. Fig, 22-23, isa 


(Air Reduction Sales Co.) 


graph of the tensile load imposed on a 
metal sample. The yield point is im- 
portant since it is not desirable toload 
metal to the point where it will stretch 
and not return to its former shape, 
Many machines have been developed to 
do this testing, and to record directly, 
even automatically, the tensile strength 
of the metal. Fig. 22-24, shows a hy- 
draulic universal tester. Some 
machines are large, while others are 
portable and may be taken to field 
locations for testing metals on the 
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Fig. 22-25. Portable tensile tester. The force applied 
to the test sample is obtained through the mechanical 
advantage of = threaded shaft which is moved by turn- 
ing the operating crank. 
(Detroit Testing Machine Co.) 


premises. Fig. 22-25, shows a portable 
Screw-operated machine, Fig. 22-26, 
illustrates a portable universal tensil 
tester which is hydraulically powered, 
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Fig. 22-26. Portable universal tensile testing ma- 

chine. Force applied to pull the test sample apart is 

obtained by operating a hydraulic jack built into the 

tester housing. The force applied is read on the gauge. 
(Vega Enterprises) 


A hydraulically powered laboratory 
type universal tensile testing machine 
is shown in Fig. 22-27. 

Fig. 22-28, shows the hydraulic cir- 
cuits for a tester having a table moved 
by a hydraulic ram (piston). The valve 
spool, which controls the direction of 
hydraulic fluid flow, is moved by the 
manual control knob, When the control 
knob is in the load position, the valve 
spool is moved down opening passage 
B to connect the main pressure line to 
the radial pump. Pressure from the 


pump acting on the bottom of the ram 
causes the ram and table to rise. 
Another tensile tester model which 
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Fig. 22-27. Laboratory-type hydraulic tensile test 
machine. The specimen is clamped in the upper and 
lower jaws. A hydraulic ram moves the table up to 
pull the test specimen which is mounted between the 


clamping jaws. (Riehle Div., Amatek, Inc.) 
may be either hand-powered or motor- 
powered is shown in Fig. 22-29, These 
machines can test the tensile strength 
of metals, fabrics, assembly strengths, 
etc, Some machines, designed for ten- 
sile testing may also be used to test 
the compression strength of brittle 
substances by applyinga crushing force 
on the material being tested, 

It is desirable for these testers to 
be universal, so they can test metals 
of different cross sections and shapes; 
that is, the machine will hold and test 
round, oval, square, and rectangular 
specimens. At the same time the ma- 
chine is testing the tensile strength of 
the metal, it also tests the ductility, 
meaning the stretchability (elongation) 
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Fig. 22-28. Hydraulic circuits of a moving table tensile tester. 


of the metal before it fails, This test 
is in relation to what is called the 
elastic limit of the metal. To measure 
the elongation of a weld, prick-punch 
or scribe two points on the weld spec- 
imen, 1/2 in, or 1 in. apart and then 
measure the change in this distance 
after the metal has been stretched to 
its elastic limit, The elongation is 
determined in percent by dividing the 


difference between the two readings 
by the original distance. For example: 
if 1 in, is the original distance between 
punch marks, and the distance between 
the punch marks is1-1/4in. after being 
stretched to its elastic limit, then 
1-1/4 in.-1 in, = 1/4 in. and 1/4 +1= 
.25 or 25 percent, Fig. 22-30,isatable 
showing the tensile strength and percent 
of elongation for some common metals. 
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Fig. 22-29. Mechanical screw-type universal tester. 
The load is applied by hand, and the dial indicator 
registers the yield point and ultimate strength of the 
(W. C. Dillon & Co., Inc.) 


22-14. TESTING THE HARDNESS 
OF WELDS 


Another importantfactor which 
should be determined when testing a 
weld is the hardness of the weld metal, 
The hardness of welds is particularly 
important if the welds must be 
machined, There are many special 
metal alloys used for welding hard 
surfaces or for welding machine tools. 

Methods used to determine metal 
hardness have been standardized. One 
of the most popular methods is to use 
what is called a Rockwell hardness 
testing machine, Fig. 22-31. This ma- 
chine works somewhat like a press and 
is provided with a platform for hold- 
ing the specimen. A point (which may 
be either a 1/16-in. diameter ball or 
a diamond cone ground at a 120 deg. 
angle) is pressed into the metal which 
is being tested by means of fixed weights 
operating through leverage, as shownin 
Fig. 22-32. When the ball-pointis used, 
the distance the ball penetrates the 
metal between the first load (10 kilo- 
grams or 22 lbs. when the tester is 
calibrated and the dial set to zero) and 
the final or major load (100 kilograms 
or 220.5 lbs.) indicates the hardness on 
a gauge registering from 0-100, 

The hardness is indicated on the 


specimen. 
TENSILE 
STRENGTH HEAT-TREATED % OF 
METAL WELDED ANNEALED ANNEAL ED ELONGATION 
PSI ANNEAL ED 

Low Carbon Steel 60,000 55000 | ——  .. 30 
Medium Carbon Steel 40,000 55,000 55,000 m 
Stainless Steel 75,000 95,000 180,000 55 
Chrom-Moly Steel 40,000 NO 90,000- 180,000 

Duralumin 20,000 E 55,000- 65,000 T 
High Tensile Steel 75,000 50,000 50,000 29 
Hard Surfacing en NEG aM oues x 
Soft 5% Phoylius VE TM 85,000 55 
Bronze Monel 51,000 51,000 105,000 25 
Duralumin 17ST e oS) l1] i ee 20 


Fig. 22-30. Tensile strength and percent of elongation values for various metals. 
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Fig. 22-31. Laboratory-type Rockwell hardness test- 
ing machine. (Wilson Div., American Chain & Cable). 
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Fig. 22-32. Diagrammatic drawing showing how the 
weight is applied to the penetrator through leverage 
in a Rockwell hardness tester. 
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Fig. 22-33. Diamond penetrator used in Rockwell 
hardness tester. Note the depressions left in the metal 


by the diamond under the 10kg and 150kg in load. 
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Fig. 22-34. Portable Rockwell hardness tester. 


Rockwell B scale, when the 1/16-in. 
steel ball is used, When using the dia- 
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Weld being ground by a disk-type grinding wheel. The 
grinder motor is pneumatically powered. 


(Norton Co.) 


mond cone penetrator, as shownin Fig. 
22-33, the weights of 10 kilograms or 
22 lbs. and 150 kilograms or 330.7 lbs, 
are used and the hardness is read on 
the Rockwell C scale. 

Portable Rockwell hardness testers 


are available and may be used tocheck 
metals onthe job. These units are easily 
calibrated and give accurate readings. 
A portable tester is shown, Fig, 22-34, 
while Fig. 22-35, shows this tester in 
use, 
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Fig. 22-35. Portable Rockwell hardness tester being 
used to check hardness of steel stock. 
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Fig. 22-36. Scleroscope hardness testing machine. 

The distance the small hammer rebounds up the chan- 

nel after it drops on the test specimen is read on the 
dial gauge. (Shore Instrument & Mfg. Co.) 


Another method of testing hardness 
is to use a Shore, direct reading 
Scleroscope. This machine is based on 
the impact or rebound of a ball or 
hammer from a test specimen, The 
machine consists of a vertical glass 
tube channel of a certain height. At the 
top of this is mounted a steel hammer, 
having a diamond tip of acertain diam- 
eter and size, The specimen to be tested 
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Fig. 22-37. A hydraulically-operated Brinell hardness 
tester. (Detroit Testing Machine Co.) 


is placed below the channel, and the 
hammer is released as shown in Fig. 
22-36, The distance that the hammer 
rebounds after it contacts the metal 
may be read on the scale beside the 
channel. The hardness of the metal, 
as indicated by the scale number with 
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this tester, will range from 0 to 140. 
The higher the number, the harder the 
metal. A high carbon steel willindicate 
approximately 95 points on the scale, 
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machine), as shown in Fig. 22-37. The 
ball-point is moved by hydraulic pres- 
sure (indicated on a dial scale). The 
dial indicates the number of pounds of 


Fig. 22-38. Interior construction of Brinell hardness tester. The main parts are: 

11 - Hydraulic cylinder. 14- Hydraulic valve and pressure regulator, 24 - Hydraulic 

pump, 30-Manual adjustment, 36-Anvil, 37-Hand-or-foot operated control lever, 
50 - Ball (penetrator). 


A rubber tube-and-bulb arrangement 
manipulates the hammer for testing 


purposes. 
A third method of testing for hard- 


ness is to use a machine having a 


ball-point built into a press (Brinell 


force exerted on the specimen, The 
Specimen is mounted below the ball, 
and the ball (10 mm dia.) is pressed in- 
to the specimen under a load of 3,000 
kilograms (6,614 lbs.) for 10 seconds. 
A microscope is then used to measure 
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the diameter of the indentationin milli- 
meters. The area of the depression 
divided by the load gives the Brinell- 
‘hardness number. A table is always 
supplied with the machine to permit 


ROCKWELL C ROCKWELL B BRINELL 


69 --- 
60 --- 
50 =e 
40 "es 
30 --- 
24 100 
20 97 
10 89 

0 79 


measurement indicates the hardness of 
the surface tested, 

The length of an indentation made on 
hardened steel with the diamond pene- 
trator under a load of 100 grams is 


SCL EROSCOFE 
795 98 
631 84 
497 68 
380 53 
288 41 
245 34 
224 31 
179 25 
143 21 


Fig. 22-39. Table showing comparison of hardness 
numbers in Rockwell, Brinell, and Scleroscope scales. 


one to determine the hardness number, 
once the diameter of the indentation is 
known. This method is often used for 
testing the softer metals, The con- 
struction of the machine is shown in 
Fig. 22-38. The table, Fig. 22-39 shows 
a comparison of hardness numbers in 
the Rockwell, Brinell, and Scleroscope 
scales. Microhardness testers are be- 
ing developed which will injure the 
metal less because the indentations 
made by these machines will be very 
small. Because the metal surface is 
marked microscopically the tests can 
be performed more frequently over 
the surface of a metal object, Fig. 
22-40, shows a microhardness testing 
machine, 

Microhardness testers have been 
developed which make it possible totest 
the hardness of a part without appre- 
.ciably injuring the part, A minute dia- 
mond penetrator is used to penetrate 
the surface to be tested, The loads on 
the diamond penetrator may be varied 
from 25 grams to 50,000 grams. After 
the surface has been penetrated, the 
size of the indentation is measured 
using a powerful microscope, This 


Fig. 22-40. Microhardness testing machine. 
(Wilson Div., American Chain & Cable) 


about .0015 in. and the depth of the 
penetration is about .00005 in. Fig. 
22-41, illustrates the indentation made 
with the Knoop diamond penetrator. 
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22-15. MICROSCOPIC METHOD OF 
TESTING WELDS 


A test commonly used in the metal- 
lurgical laboratory for testing a weld 
is to procure a sample of the weld and 
polish it to a very smooth, mirror-like 
finish, which shows absolutely no 
scratches on the surface. The sample 
is then placed under a microscope 
which magnifies the surface of the 
metal from 50-5,000 diameters (usually 
100 or 500 diameters). The appearance 
of the crystals, and the appearance of 
the metal in general under the micro- 
scope, reveals such things as the 
amount of impurities in the metal, 


Fig. 22-41. The microhardness indentations made by 
a Knoop diamond penetration. The white layer at the 
top of the photograph is chromium (75X). 


heat treatment, and grain size. In 
certain standard metals, a micro- 


scopic study of the surface can accu- 
rately determine the carbon content, 
Fig. 22-42, shows a microscope used 
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Fig. 22-42. Laboratory microscope used to examine 
polished metal specimens. Note the turret mount with 
three different magnifications, the plastic mounted 
specimen, and the rheostat-controlled light source. 


(Bausch & Lomb, Inc.) 


to inspect metal specimens, Occasion- 
ally, the metal being worked on is 
treated with acid or etched, To etch 
a sample after it has been polished, 
immerse it in a weak acid solution 
(10 percent nitric acid, 90 percent 
alcohol, called nitrol, is used for 
steel) for a certain length of time, The 
metal is then studied under a micro- 
scope. Certain acids bring out certain 
features, such as the kind of impuri- 
ties, slag spots, poor fusion, and 
shrinkage checks, A type of weld fre- 
quently given this test is the sample 
that is removed from boiler seams, 
The most important feature of the 
micrographic study of the metal is 
that photographs may be taken of the 
metal, by means of a specially adapted 
camera attached to the microscope, 
By taking photographs of each speci- 
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men, avery accurate comparison may 
be made between the samples studied. 
See CHAPTER 24 for microphotographs 
of the more common metals. 

Sections for testing and examination 
may be cut from the base metal or the 
weld by a number of methods, one of 
which is shown in Fig. 22-43. The 


Fig. 22-43. Machine for removing test samples of 


metal from welds. (Fibre Metal Products Co.) 
machine shown uses a circular blade 
to cut boat-shaped sections of any 
depth, as shown in Fig. 22-44, 

The sections removed may be 
polished for micro and macroscopic 
examination; or they may be used for 
hardness tests, or chemical analysis. 
Defective areas of a weld may be re- 
moved by this method and the cavity 
filled with a sound weld, 

Methods are being developed to per- 
form micrometal analysis. By this 
method extremely small specimens 
may be removed from the metal to be 


analyzed. This method enables an anal- 
ysis to be made of metal parts that are 
to be placed in service. 


BARE MET A, 


Fig. 22-44. Typical samples removed from a weld for 

inspection and testing using machine shown in Fig. 

22-42. The samples may be cut at any angle to the 
weld bead. 


22-16. MACROSCOPIC METHOD 
OF TESTING WELDS 


A microscopic view of a weld does 
not cover enough area to obtain a picture 
of an entire weld for inspection pur- 
poses, Macroscopic pictures are only 
10 to 30 magnifications (10X to 30X), 
and are better suited to this purpose. 
When the sample is deeply etched with 
hot nitric acid, the structure of the weld 
stands out more clearly. Fig. 22-45, 
shows a macroscope with 10X-30X 
magnifications. The crystalline struc- 
ture of the metal is not so clearly re- 
vealed, but cracks, pits, and pin holes 
are more clearly seen, as shownin Fig. 
22-46. Scale inclusions are easily de- 
tected by this method, This test also 
shows up grain (crystal) size. A large 
grain size indicates improper heat 
treatment after or during welding. 
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ADJUSTMENT 


Fig. 22-45. A macroscope used to inspect welds at 
10X to 30X magnifications. This instrument may be 
used for on-the-spot inspections. It weighs only 12 oz. 


22-17. CHEMICAL ANALYSIS 
METHOD OF TESTING WELDS 


The final complete investigation of 
the welded material consists of a 
thorough chemical analysis. The chem- 
ical analysis may be both qualitative 
and quantitative. Qualitative analysis 
determines the different kinds of chem- 
icals in the metal while the quantita- 
tive analysis determines the kind and 
amount of each chemical in the metal. 
This type of investigation is necessar- 


Fig. 22-46. A macroscopic photograph of etched 
welds in cross section. The quality of the weld is 
more easily judged than with the naked eye. 


ily tedious and expensive. The tests 
are not of direct value to a welder or 
to a welding company. It is only in 
cases of having trouble withlarge quan- 
tities of metal that these tests are 
resorted to, The weldability of a metal 
is dependent to a great extent on the 
impurities in the metal. 

Usually the manufacturer ofthe met- 
alcan supply complete data on the phys- 
ical and chemical properties of the 
metal. 


22-18. TEST YOUR KNOWLEDGE 


1. Why is testing of welds considered 
important ? 

2. What two general methods are used 
for checking welds? 

3. Why is the destructive test popu- 
lar in shops? 

4. What societies have standardized 
methods of testing welds? 


5. Why are appearance tests con- 
sidered the least accurate? 

6. Why are shop destructive tests 
only comparable ones? 

7. What is meant by the elastic limit 
of a metal? 

8. What is meantbythetensile 
strength of a metal? 


22-25 


Modern Welding 


9,Name three machines used for 
testing the hardness of metals, 

10, Why is the hardness of machine- 
able steel considered important? 

11. Do the test of welds apply to both 
arc and acetylene welds? 

12. Do tests apply to nonferrous 
metals as well as ferrous metals? 

13. What is meant by the microstruc- 
ture of a weld? 

14. Are large crystals detrimental to 
the strength of a weld? 

15. Name some special cases which 
involve special testing of welds. 

16. How many times is pressure 
applied on the sample when using the 
Brinell Hardness Tester? 

17. What advantage does X-ray tests 
have over magnetic flux-tests? 


18.What is the usual magnification 
when viewing a weld through a mi- 
croscope ? 

19, Is the ability to bend without 
breaking considered a good test for 
welds in mild steel? Why? 

20. Is the template method ofinspect- 
ing welds usable on pipe welds? 

21. Is sound useful as a weld testing 
medium? 

22. How small a leak can be detected 
with a mass spectrometer test? 

23.What makes the particles adhere 
to the edges of a crack during a mag- 
netic test? 

24. Is the time element important 
when using the dye penetrant test? 

25, When is blacklight used during 
testing? 
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Chapter 23 
PRODUCTION OF METALS 


It is important that a welder under- 
stand the origin, the production, and 
the refinement of metals in use today. 
One must have a thorough understand- 
ing of metals if one is to be a welding 
technician, 

The processes used to change the 
ores to the commercial metals, and 
then to produce alloys, are constantly 
being improved, 

Iron and steel are the most common 
metals in industrial use. Great quan- 
tities are produced each year, For 
many years copper and tin were the 
next most popular metals. At present, 
aluminum is rapidly increasing in use. 
Magnesium and titanium are also in- 
creasing in their applications, particu- 
larly in the aero-space industries. 

Recently, many exotic metals have 
been successfully produced, mainly 
due to the needs of our nuclear and 
space age, 

This chapter deals with metals that 
have industrial applications. 


23-1. HISTORY 


The first iron known to man came 
to the earth in form of meteors, This 
explains why the Egyptians called it 
the "metal of heaven," The first iron 
was used as far back as 3500 Years 
BC. 

The forerunner of one modern blast 
furnace was the Catalan forge, devel- 
oped in the 17th century. The Catalan 
forge was a shallow cavity made of 
brick and stone usually of an oval 
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shape. A tube projected into the center 
of this cavity through which air entered. 
Air was supplied at first by a manually 
operated bellows and later by water 
power to force the air throughthe mix- 
ture of iron ore, wood, and charcoal, 
A man by the name of Dudley, substi- 
tuted coal for the wood and charcoal, 
Abraham Darby introduced the use of 
coke as a fuel in the early part of the 
17th century. 

Aluminum is the most abundant metal 
on earth; iron is the fourth most abun- 
dant, 

Except for minute amounts, alumi- 
num was not used commercially untilin 
the 1880's when the electrical process 
of refining the ore was developed. The 
growth of the use of this metal has 
been steadily increasing since. 

Copper and its alloys have their use 
dating back to ancient times, The cop- 
per and tin alloy (bronze) was so com- 
mon in ancient times that one segment 
of ancient history is called the Bronze 
Age. Copper is found as a metal in 
nature, and it was this metal that was 
used by the ancients for tools and 
weapons. Most copper (about 2,000,000 
tons per year) is obtained by the elec- 
trolysis process. 


23-2. METHODS OF 
MANUFACTURING STEEL 


Steel is produced by adding carbon 
in controlled amounts to iron from 
which most, if not all, of the carbon 
and other impurities have been re- 
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Fig. 23-1. Locations of raw material deposits, and steel making centers. 


(U. S. Steel Corp.) 


moved, This alloy (mixture) of iron 
and carbon is called straight carbon 
steel. 

Alloy steels are produced by adding 
elements, such as, nickel, chromium, 
manganese and other elements to steel 
in controlled amounts, 

The first step in the production of 
steel is to refine the iron ore con- 
taining many unwanted impurities, into 
cast or pig iron. The refinement of 
iron ore is usually done inthe reducing 
atmosphere of a blast furnace, Pigiron 
contains some impurities and a rela- 
tively large amount of carbon, The 
high carbon content makes pig iron 
brittle. In order to produce steel, the 
carbon in the iron must be removed in 
the oxidizing atmosphere of a steel- 
making furnace or Bessemer con- 


verter. The oxidizing atmosphere 
"burns off'" the carbon and impurities 
in the iron. Once the impurities and 
carbon have been eliminated or reduced 
to a minimum, controlled amounts of 
carbon and other alloying elements 
may be added to the iron to produce 
the type of steel desired. 

The furnaces and processes used to 
produce steel and alloy steel are as 
follows: 

1. Open hearth furnace, 

2. Bessemer converter, 

3. Basic oxygen furnace, 

4, Electric furnace, 

5. Vacuum furnace. 

When it has been determined that 
the steel in the steel-making furnace 
contains the desired amounts of carbon 
and other elements, the molten steel 
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is formed into ingots, slabs, blooms, 
or billets (all differ in cross sectional 
shape or area). From these rough 
stock shapes, the steel may later be 
formed into more exact shapes and 
products, 


23-3. MATERIAL USED BY 
THE BLAST FURNACE 


Iron seldom exists free in nature. 
It is mined from the earth in the form 
of iron ore or iron oxides mixed with 
impurities in the form of clay, sand, 
and rock, The most important types 
of iron ore are: 

Hematite (red iron) ——.  .Fej0, 

Magnetite (black) Fe304 

Limonite (brown) 

Siderite (iron carbonite)__FeCO 

Hematite is the most important ore 
in the United States. It comes from 
the Lake Superior and Birmingham, 
Alabama districts. 

A good flux that will melt and com- 
bine with impurities in the molten iron 
ore, such as limestone, must be used 
in the blast furnace. The limestone 
combines with the impurities and floats 
them in the combined state (slag) above 
the molten iron at the bottom of the 
furnace. The molten slag is drained 
from above the pig iron just before the 
pig iron is tapped or removed from the 
furnace. 

One of the best fuels for the blast 
furnace is coke, as this furnishes 
enough heat for the reactions andislow 
in such impurities as sulphur and phos- 
phorus. Some modern blast furnaces 
are using gas injection and solid fuel 
injection, These combustibles enter 
the furnace in the area of the tuyeres, 

Coke is manufactured by heating soft 
coal (Bituminous) in a closed container 
until the gases and impurities are 
driven off. Coke which is practically 
pure carbon then remains. The gases 


which are driven off are condensed 
and furnish many useful by-products 
such as coal tar, gasoline, lubricating 
oil and fertilizer as well as coke oven 
gas that can be burned to furnish heat 
and power, 

To operate a modern blast furnace 
for one day requires about 2,000 tons 
of iron ore, 1,000 tons of coke, 500 
tons of limestone, and 4,000 tons of 
qur, 

Fig. 23-1, shows the location of the 
major coal, limestone, iron ore and 
steel-making centers in the United 
States. 


70 % iron 
72.4% iron 


Fe 903 H9O 60 % iron 


48.3% iron 


23-4. BLAST FURNACE 


The blast furnace has five major 
operations to perform: 

1. Deoxidize iron ore. 

2. Melt the slag. 

3. Melt the iron. 

4. Carbonize the iron, 

5. Separate the iron from the slag. 

The modern blast furnace is a huge 
tubular furnace made of steel and 
lined with firebrick. The average size 
is approximately 100-ft. high and 25-ft. 
in diameter. Some are much larger. 
Fig. 23-2, shows atypicalblast furnace 
in cross section. Around the bottom of 
the furnace are openings (tuyeres) 
through which hot air may be forced, 
An opening near the top allows gases 
to escape. The ore, limestone, and 
coke are carried up to top of the fur- 
nace and dumped down into the furnace 
through a bell-shaped opening (hopper). 

The coke burns and produces enough 
heat to melt the iron, The excess car- 
bon from the coke unites with the iron 
and lowers its melting temperature. 
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The melted iron forms at the bottom 
of the furnace where it is drawn off 
when a sufficient quantity has collected. 
The flux melts and collects the impur- 
ities. It floats on top of the molteniron 
where it can be drawn off the furnace 


BLAST FURNACE 


FAINT RED HEAT 


RED 


DULL CHERRY RED 


BRIGHT CHERRY RED 


ORANGE 


hours a batch of blast furnace iron (pig 
iron) is drawn off from the bottom of 
the furnace. 

The iron coming out of the blast 
furnace is called pig iron because it 
was formerly cast into bars called pigs. 
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Fig. 23-2. Cross section of a blast furnace. Notice the temperatures and how the 
iron ore changes chemically as it moves down through the furnace. 
(General Motors Corp.) 


through an opening higher than the one 
through which the iron is taken out, The 
operation of the furnace is continuous 
and the right proportions of ore, lime- 
stone, and coke are regularly dumped 
in at the top of the furnace, Every few 


In modern practice, some of the iron 
from the blast furnace is not allowed 
to cool, but is taken directly to other 
furnaces such as the open hearth fur- 
nace where it is made into steel, or 
to the Cupola furnace where it may be 
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further refined and made intocastings. 
(For information on blast furnace 
chemistry see CHAPTER 28.) 


23-5. CAST IRON 


Approximately 30 percent of all the 
pig iron produced is used in the manu- 
facture of gray cast iron. Gray cast 
iron is simply a casting that has been 
cooled very slowly thus allowing some 
of the carbon to separate, forming free 
graphite. This graphite causes the gray 
appearance. White cast iron (very hard 
and brittle) is made by cooling the 
casting quickly. Cast iron is usually 
made by melting pig iron in a cupola 
furnace where the pig iron is refined 
to eliminate some of the excess carbon 
and other impurities, 


23-6. MALLEABLE IRON 


Cast iron is a desirable metal from 
which intricate metal parts may be 
cast as it is very fluid when molten 
and flows freely to all parts of a mold. 
It may be machined relatively easily. 
However, it has several undesirable 
characteristics such as brittleness 
and lack of malleability (the ability to 
be pounded into shape). In parts de- 
manding malleability or resistance to 
shock, malleable iron may be used, 
Malleable iron is made by prolonged 
heating or annealing of white cast iron 
at a temperature of approximately 1400 
deg. F. The period of time depends to 
a considerable extent on the thickness 
of the casting. The casting is allowed 
to cool slowly. 

The heating period gradually reduces 
the carbon content in the skin of the 
casting leaving a low carbon surface. 
The depth of the low carbon metal 
depends on the time the casting is kept 
at the 1400 deg. F. temperature. When 


cooled slowly the inner structure is 
gray cast iron and the skin is similar 
to mild steel, as shown in Fig. 23-3. 
This combination makes the structure 
more pliable and more resistant to 
shock, 
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Fig. 23-3. Structure of malleable iron shown in 
cross section. 


23-7. NODULAR CAST IRON 


Gray cast iron has free graphite 
present in the metal. It obtains its 
gray appearance as aresult of the com- 
bined inflection (bending) of light from 
the black graphite, plus the shiny metal. 
The graphite is in a flake form and 
the flakes create a weakness in the 
metal (brittleness). 

A new process for making cast iron 
transforms the graphite flakes nor- 
mally formed in cast iron into nodules 
of graphite (spheres). The resulting 
casting is more ductile and resistant 
to shock failure. 

Nodular cast iron is obtained by 
adding a small amount of magnesium to 
the molten metal. Occasionally silicon 
and/or nickel is also added to provide 
other desirable properties. 


23-8. WROUGHT IRON 


Wrought iron contains the least 
amount of carbon of any of the ferrous 
metals used commercially. It is man- 
ufactured in a puddling furnace. To 
make wrought iron, pig iron is melted 
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on the hearth of the reverberatory or 
puddling furnace which is lined with 
iron oxide. This process brings about 


the almost complete removal of the 
carbon, silicon, and manganese. As the 
carbon is removed, the fusion tem- 
perature of the iron rises, it becomes 
pasty and can be rolled up in balls 
and removed from the furnace, It is 
then squeezed through rollers to re- 
move most of the excess slag. The 
wrought iron is rolled into muck bars 
and finally into commercial forms, 
Wrought ironis soft, tough and malle- 


POURING 
POSITION 


able. It is ideal for ornamental work, 
as it is rust resisting, easily shaped, 
and may be easily welded. 


23-9. STEEL 


Steel may be defined as iron com- 
bined with .03 to 1,7 percent of carbon. 
See CHAPTER 24 for more technical 
Specifications of steel, 

It is produced by reducing cast iron 
and scrap steel in one of several types 
of furnaces, At the present time approx- 
imately 300,000,000 tons of steel are 


Fig. 23-4. Schematic drawing of u Bessemer furnace. Note how the furnace is tilted 


to pour the metal into a large ladle. 
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produced in the world each year. The 
United States produces approximately 
one third of this total, Several types of 
steel producing furnaces are: 

1. Bessemer, 

2. Open Hearth, 

3. Electric. 

4, Crucible, 

5. Basic Oxygen. 


23-10. BESSEMER PROCESS 


One of the earliest methods of man- 
ufacturing steel was invented in 1856 by 
Henry Bessemer, The Bessemer Con- 
verter, see Fig. 23-4, as the furnace 
is called, is a large pear-shaped con- 
tainer lined withfirebricks which opens 
at the top. 

Molten pig ironis poured intothe fur- 
nace and a blast of air or oxygen is 
turned on through holes in the bottom, 
Each ton of pig iron contains about 75 
lbs. of carbon, 25 lbs. of silicon, 1 lb. 
of sulphur, and 15 lbs. of manganese, 
most of which is burned out in the 
operation of the furnace. These ele- 
ments in the pig iron become the fuel 
used in this process. Additional fuel 
is not necessary. The temperature of 
the molten pig iron is about 2060 deg. 
F, when it is poured in the converter. 
In a few minutes after the blast of air 


is turned on, the burning of the ele- 
ments in the iron raises the temper- 
ature to 3500 deg. F. The converter 
holds 8 to 10 tons of molten pig iron, 
A "blow' or charge treatment requires 
10 to 15 minutes. Most of the carbon, 
silicon, sulphur, and manganese are 
burned out, which causes the mouth of 
the furnace to belch forth bright flames, 
As the impurities are burned out, the 
flame changes color and an expe rienced 
Bessemer operator can tell by the color 
of the flames when the air blast should 
be turned off to terminate the blow, The 


furnace is then tilted and the steel is 
poured into large ingots, Later these 
ingots are rolled to desired shapes, 
Fig, 23-5. If the ingots must be stored 


SEMI-FINISHED STEEL 


Fig. 23-5. An ingot being rolled into a semi-finished 
shape ina steel mill. The insert shows the semi-fin- 
ished shapes generally produced from an ingot. 


before they are rolled, they are placed 
in large ovens called soaking pits, 
as shown in Fig. 23-6, where they are 
kept at a temperature suitable for the 
rolling operation, 

At present, only a small percentage 
of the steel produced in the United 
States is produced in Bessemer con- 
verters. 


Portable Rockwell hardness tester. The dial indicates 
the Rockwell scale used and the hardness number is 
shown on the cylindrical scale. 

(Ames Precision Machines) 
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Fig. 23-6. Schematic drawing of a soaking pit. 


Fig. 23-7. Schematic of n basic oxygen furnace. Oxygen is released above the molten metal in the furnace and 
the products of combustion are exhausted into a hood and are treated to prevent contamination of the atmosphere. 
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Fig. 23-8. Schematic drawing of an open hearth furnace. Note how the materials 
ur» charged into the furnace and also how they ars removed from the furnace. 


23-11. BASIC OXYGEN PROCESS 


The basic oxygen furnace shown in 
Fig. 22-7 makes use of afurnace which 
resembles the Bessemer converter, 
but produces steel from iron in a dif- 
ferent manner. The furnace is tipped 
on its side and molten iron and scrap 
steel are poured into the mouth of the 
furnace. The furnace is then rotated to 
a vertical position under an exhaust 
hood. A water-cooled oxygen lance is 
lowered to a position above the molten 
metal and oxygen is blown into the $ur- 
nace, Oxygen from above burns off the 
impurities in the molten metal and 
produces steel, In 40 to 60 minutes, 
about 80 tons of quality steel can be 
produced. At the end of a prescribed 
time, the oxygen is turned off, The oxy- 
gen furnace is then tipped to pour off 
the steel produced and a new charge of 
molten iron and scrap steel is poured 
in to begin a new cycle. 


23-12. OPEN HEARTH PROCESS 


The open hearth furnace was invented 
in 1861 by Siemens. This method of 


making steel is sometimes called the 
Siemens-Martin Open Hearth Process, 
being named after the men who devel- 
oped the method originally. 

In such a furnace, Fig. 23-8, the 
metal is contained in a large shallow 
basin, holding from 150 to 300 tons of 
metal. At each end of the basin or 
metal container there is a preheating 
stove made of firebrick arranged in a 
checkerboard pattern. Air and a fuel 
gas enter the furnace at one end after 
passing through one of the preheating 
stoves. As the fuel gas and air burn 
above the metal in the furnace, they 
heat the metal and oxidize or burn off 
unwanted elements and impurities in the 
molten metal. As exhaust gases exit 
from the furnace, they travel through 
the unused preheating furnace on the 
exhaust side of the furnace. The hot 
gases heat the bricks in this stove as 
they travel out of the furnace. Fig. 
23-9, shows the furnace incross section 
to illustrate the method of preheating 
the incoming gas and air. Periodically 
the direction of the incoming fuel gas 
and air is reversed so that the cold 
input gases travel over the hot bricks 
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in the preheat stove which were pre- 
viously heated by the exhaust gases, 
This is called a regenerative process 
of heating. The preheating of the incom- 
ing fuel gas and air results in higher 
temperatures inside the open hearth 
furnace, The total time for processing 
each charge is 20 to 30 hours. Some 
open hearth furnaces are made so that 
the entire furnace may be tilted to 
make it easier to remove the molten 
steel at the end of the refining process. 

Pure oxygen is now being used in 
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steel. Some advantages of this process 
are: 

1. A minimum quantity of steel is 
lost in the process. 

2. Better control over the alloying 
elements is obtained. 

3. Steel is cleaner because it con- 
tains fewer oxides. 

4. Larger batches of steel may be 
made at one time. 

5. Pig iron unsuitable for the Besse- 
mer process may be made into steel 
by the open hearth method. 
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Fig. 23-9. Cross section of un open hearth furnace. Notice how fuel gas and air 


circulate through the furnace. 


some open hearth furnaces to speed the 
production of steel, For example, an 
82.5 ton heat in a furnace using oxygen 
. may be completed in 61.5 minutes, 
Since more steel can be made ina 
given time, the use of oxygen is econom- 
ically feasible and is growing in popu- 
larity. 
The high temperatures obtained by 
this process aid in burning out the car- 
bon and impurities in the iron to make 


(General Motors Corp.) 


6, Steel manufactured by the Besse- 
mer process may be further refined in 
the open hearth furnace, 

By taking periodical chemical analy- 
sis of the metal in the heat the exact 
composition may be determined. By 
adding alloying ingredients, the heat 
may be held to very close chemical 
tolerances and a much finer steel may 
be produced than is possible in the 
Bessemer furnace, 
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ble electrode vacuum melting furnace being lowered into position. 


(Allegheny Ludlum Steel Corp.) 


A copper crucible for a consuma 
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23-13. CONTINUOUS CASTING 
PROCESS 


The continuous casting process for 
the manufacture of steel is acompara- 
tively new method which is gaining in 
popularity. In this process, shown in 
Fig. 23-10, liquid steel is poured into 
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Fig. 23-10. Schematic drawing of the continuous cast- 
ing process for making steel. 


a reservoir or tundish. From the tun- 
dish the metal flows vertically into a 
water-cooled mold. The molten metal 
in contact with the sides of the mold 
cools quickly and shrinks away from 
the side of the mold forming a shell 
around the molten metal in the center 
of the mold. This shell is supported 
by the withdrawing rolls as the column 
of steel is pulled from the mold. As 


the column of steel leaves the mold, 
jets of water are sprayed on the metal 
to cool and solidify the entire column. 
The metal as it comes from the mold 
may be in the form of a slab ora 
square bar. As the metal leaves the 
withdrawing rolls it is cut to desired 
lengths for further processing. 

This process has the advantages of 
eliminating ingot pouring, removing of 
the ingots from their molds, the use 
of soaking pits and reheating furnaces, 
and the rough rolling of ingots into 
semifinished forms. 


23-14. ELECTRIC FURNACE 


A popular method used to produce 
special, high quality, steel alloysisthe 
electric furnace, as shown in Fig. 
23-11. In this type furnace the chemical 
constituents of the metal may be closely 
controlled. Various alloying elements 
may be added to create a steel with 
predetermined characteristics, 

Generally steel from an open hearth 
furnace is used to charge the electric 
furnace. Chemical analysis of the steel 
placed in the electric furnace is made 
and all necessary alloying elements are 
placed in the furnace before the fur- 
nace is closed to the atmosphere. 

Heat required to melt the metal in 
this furnace is produced by an elec- 
trie arc, 

Large diameter movable electrodes 
are installed in the top of the furnace 
above the metal, An arc is struck be- 
tween the carbon electrode andthe met- 
al to furnish the heat required to melt 
the metal and the alloying elements. 
As the electrodes are consumed they 
are moved down to a given distance 
above the molten metal, The carbon 
electrodes may be changed as required 
from the top of the furnace, 

Test samples of molten metal may 
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be removed through small inspection 
ports. These samples are analyzed and 
additional alloying elements are added 
to the furnace as required. 


process, wrought iron or wrought iron 
and scrap steel are loaded into a cru- 
cible. The correct amounts of carbon 
and other alloying elements required to 


Fig. 23-11. An electric furnace. Note the carbon electrodes at the top. This furnace is tilted to pour molten 
metal into the ladle. 


Electric furnaces vary in capacity 
from 5 to 50 tons. The entire furnace 
is generally built to tilt to make load- 
ing and unloading easy. 


23-15. CRUCIBLE FURNACE 


One of the oldest methods of refining 
steel is the crucible furnace. The heat 
for this furnace is produced by burn- 
ing fuel gas. A crucible or covered pot 
made of ceramics and graphite is 
usually used to hold the charge, In this 


produce the desired finished steel are 
then charged into the crucible. 

The use of scrap steel generally 
lowers the quality of the finished prod- 
uct, After the crucible is charged, itis 
covered and sealed. The crucible is 
then placed into the furnace where hot 
gases heat the crucible and its con- 
tents, 

The quality of the steel produced in 
a crucible furnace is generally con- 
sidered to be higher than that produced 
in an electric furnace, but the process 
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is much slower and more expensive. 
The charge in a crucible may vary 
from a few pounds to several tons. 


23-16. INDUCTION HEATING 
PROCESS 


Induction heating is defined as "rais- 
ing of the temperature of a materialby 
means of electrical generation of heat 
within the material and not by any 
other heating method such as con- 
vection, conduction, or radiation." The 
material being heated is not part of a 
closed electrical circuit as it would 
be in resistance welding or as it is in 
the electric furnace. 

Induction heating is a phenomenon 
caused by an alternating magnetic field 
created in electrical conductors when- 
ever alternating current flows through 
them. 

Magnetic materials, such asironand 
steel, when placed within the area of 
an alternating magnetic field, are 
heated by both hysteresis and eddy 
current losses, see Fig. 23-12. 

Hysteresis loss is caused by friction 
among the molecules of the material 
as they move within the metal in the 
magnetic field. 

The magnitude ofthis hysteresisloss 
and the heat created by it, is pro- 
portional to the frequency of the mag- 
netic field, Eddy current losses are 
losses caused by resistance resulting 
from small circulating currents with- 
in a material placed in an alternating 
magnetic field. These resistance losses 
cause heat which is absorbed by the 
` metal being heated, The amount of heat 
created by eddy currents is propor- 
tional to the square of the alternating 
frequency of the current, andthe square 
of amperage flowing in the conductor, 
which produces the magnetic field, 

In an induction furnace, the metal to 


be heated is contained in a vessel and 
electrical conductors are wound around 
the vessel to form a coil, Alternating 
current is passed through the coil and 
induction heating of the vessel and 
metal in the vessel takes place. 


MAGNETIC 
_ FIELD 


FURNACE 
LINER 


NDUCTION 
HEATING 


ONL 


SEY 
0,050, O, 
SOG 
200. 
XN 


4 


% 
e 
LS 


SSL 
LO 

> 
es 


N^ 
D 


4 
AGITATED METAL 


Fig. 23-12. Schematic cross section of a small in- 

duction furnace. Metal in the furnace is agitated and 

mixed by magnetic eddy currents, to produce a more 
homogenous metal. 


By accurately controlling the fre- 
quency and amperage of the alternating 
current passing through the induction 
coil, it is possible to accurately con- 
trol the temperature of the metalbeing 
heated. A small induction furnace unit 
is shown in Fig. 23-13, 

A new type of low-frequency in- 
duction furnace with a 4-toncapacityis 
now in use, It is being used in con- 
junction with a cupola furnace to further 
refine cupola iron, Tests show that iron 
from the cupola-induction furnace com- 
bination shows superior tensile 
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strength, fluidity, and other favorable 
casting metal characteristics, It also 
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Fig. 23-13. A complete induction melting furnace 
installation. (Ajax Magnethermic Corp.) 


has desirable machining characteris- 
tics. Fig. 23-14, shows a schematic 
cross section of a large induction 
furnace, 


MOL TEN 
METAL 


COIL 


The design of the furnace and its 
low frequency induction coil, in addi- 
tion to heating the metal, sets up a 
controlled stirring action of the molten 
metal in the furnace. In addition, the 
stirring action keeps the slag on the 
surface agitated providing openings in 
the slag layer through which entrapped 
gases may escape. 

This process produces a fine grained 
and homogeneous metal. 


23-17. VACUUM FURNACES 


The melting of steel, steel alloys, 
titanium and other pure metals in a 
vacuum, reduces the gases in the met- 
al and prevents the absorption of gases 
by the molten metal, Steels, melted by 
more conventional methods, absorb 
gases which cause porosity and in- 
clusions in the metal when it solidifies. 
Gases formed in a vacuum furnace are 
pulled away from the molten metal by 
the vacuum pumps. The absence of 
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Fig. 23-14. Schematic cross section of w large induction furnace. 
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these gases improves many of the 
qualities of the steelincluding ductility, 
magnetic properties, impact strength, 
and fatigue strength, 

There are two main types of vacuum 
furnaces used today. The two now in use 
are the vacuum arc, and vacuum in- 
duction-type furnaces, Other methods 
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Air and contaminating gases are con- 
stantly pumped out of the furnace by 
vacuum pumps. Fig. 23-15, shows such 
a furnace schematically. 

This process is frequently used when 
close control of grain structure is re- 
quired, or when the uniformity and 
purity of the metal is to be improved. 
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Fig. 23-15. Consumable electrode vacuum arc furnace shown schematically. 


(Alleghany Ludlum Steel Corp.) 


are being developed. 

In the vacuum arc furnace the metal, 
which is first produced by another 
method and formed into long round or 
square cylinders, is melted as a huge 
consumable electrode in the furnace, 
"The metal is fed into the furnace at a 
controlled rate of speed to control the 
arc length, 

As the metal drops from the end of 
the electrode, it. falls into a water- 
cooled steel crucible which is the 
grounded part of the electrical circuit. 


No provision is made in this furnace 
for adding alloying elements. 

The vacuum induction furnace is 
used when close control of the chemis- 
try of the metalis of prime importance, 
The metal is melted in an electric in- 
duction furnace which is airtight and 
attached to vacuum pumps so that con- 
taminating gases are removed, Pro- 
visions are made to allow alloying 
materials to be added to the furnace 
without destroying the vacuum, 

The heating of the metal, the pouring 
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vacuum chamber of induction vacuum melting furnace. The melting fur- 


Fig. 23-16. Removing hot ingots from 
Vacuum chambers are arranged to permit continuous operation of the unit. 


nace is located in the tank on the left. 


of the metal into ingots, and the cool- 23-18. MANUFACTURING 
ing of ingots are done under vacuum STAINLESS STEELS 
conditions to prevent contamination. 
Fig. 23-16, shows a large induction 
vacuum melting furnace installation. 


Stainless steel, the most common of 
the alloy steels, may be made in open 
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hearth furnaces in the same manner as 
straight carbon steels except alloy 
metals are added during the time the 
metal is in the furnace, Stainless steels 
may also be made or refined inelectric 
furnaces. Various types of stainless 
steels are described in CHAPTER 18. 


23-19. MANUFACTURING COPPER 


A great deal of copper ore contains 
a high percentage of pure copper. This 
ore is crushed and then washed in 
water to remove the lighter weight 
earth particles from the heavier copper 
ore, The ore is then mixed with coke 
and limestone and placed into a small 
blast furnace where the copper settles 
to the bottom of the furnace, Impurities 
in the copper ore are floated above the 
molten copper in the form of slaginthe 
same manner as when refining ironore 
in a blast furnace. 

The copper removed from the blast 
furnace is further refined by the elec- 
trolysis process. 

Electrolysis may be defined as a 
chemical change (decomposition) 
created in a material by passing elec- 
tricity through a solution of the ma- 
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terial or through the substance while 
it is in a molten state. 

The electrolytic cell used to refine 
copper is shown in Fig. 23-17, Pure 
copper bars are used as the cathodes. 
Impure copper to be refined forms the 
anodes in the cell, Copper sulfate with 
some sulphuric acid is used as the 
electrolyte, or fluid, in the cell, 

When the electric current is turned 
on, pure copper leaves the anode and 
deposits on or plates the cathode. The 
impurities fall to the bottom of the 
electrolytic cell. When the impure 
copper anode is consumed, it is re- 
placed and the heavily plated cathodes 
are removed and replaced with thinner 
bars. The sediment in the bottom of 
the cell often contains small quantities 
of silver and gold. 


23-20. MANUFACTURING BRASS 
AND BRONZE 


Brass is an alloy of copper andzinc. 
Bronze is an alloy of copper and tin. 
When a third or fourthelement is added 
to brass or bronze to improve the 
physical properties, an alloy brass or 
an alloy bronze 


is created, Some of 
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Fig. 23-17. Schematic drawing of an electrolytic cell used to refine copper. 
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Fig. 23-18. Schematic drawing of the Hall process for producing aluminum. 


the alloying elements added to brass 
are: tin, manganese, iron, silicon, 
nickel, lead, and aluminum, Alloying 
elements added to bronze are: nickel, 
lead, phosphorous, silicon, and alumi- 
num, 

To make brass or bronze, the alloy- 
ing elements are heated in a crucible 
or an electric cupola. 

The term bronze is often used with 
copper alloys which contain no tin or 
small quantities of tin in the alloy. 

Hardware bronze, as an example, 
contains approximately 90 percent cop- 
per, 8 percent zinc, and 2 percent 
lead. Manganese bronze contains ap- 
proximately 58.5 percent copper, 1.0 
percent tin, about 39 percent zinc, .28 
percent manganese, and 1.4 percent 
iron, See CHAPTER 28 for more 
information, 


23-21. MANUFACTURING ALUMINUM 


Aluminum is normally produced by 
separating it from the oxide (A1504) 
found in bauxite ore, although it may 
be found in many other forms, After 
the aluminum oxide is removed from 
the ore, it is dissolved in a molten 
bath of sodium-aluminum-fluoride 
(cryolite). Anelectric current is passed 
through this molten bath and pure 


aluminum is obtained by an electrolysis 
process (Hall Process). 

The electrolytic cell used in this 
process is a carbon lined, open-top 
furnace with carbon electrodes sus- 
pended in a solution of aluminum oxide 
and cryolite. As the current passes 
through the solutionthe aluminum oxide 
is reduced. Pure aluminum is deposited 
at the cathode or lining of the furnace 
which falls to the bottom of the cell 
as shown in Fig, 23-18, Such a furnace 
is in continuous operation, Periodically 
the molten aluminum is poured from the 
cell into ingot molds which are stored 
for further processing. 


23-22. MANUFACTURING ZINC 


Zine is principally produced by a 
distilling process. The zinc ore is 
heated with coke in a clay crucible and 
the zinc vapor is then condensed in a 
clay condenser. It may also be refined 
by an electrolytic process, It is used 
mainly as an alloying metal and for 
galvanizing. 


23-23. PROCESSING METALS 


Most metals as they come from the 
furnace are originally cast into ingots 
or molds for further processing. As 
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Fig. 23-19. A macrograph (4X) of etched cold rolled 
steel. The upper figure is across the grain of rolling, 
and the lower figure is along the grain of rolling. 


needed, the castings are reheated to a 
definite temperature depending on the 
metal and are then formed into a 
finished or semi-finished shape by one 
of the following methods: 

A. Casting. 

B. Rolling (Hot and Cold). 

C, Forging. 

D, Extruding. 

E. Drawing. 

Casting a metal in a sand or per- 
manent mold is a popular method of 
producing objects withintricate shapes. 
Either a stationary or spinning (cen- 
trifugal) mold may be used. 

To improve the physical properties 
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of the metal, and to form them into 
more usable rough stock shapes, they 
are often rolled, The dense structure of 
steel after rolling is shown in Fig. 
23-19. 

In a steel-making plant, the large 
ingots cast from metal poured from a 
furnace, are rolled between large 
powerful rollers in a rolling mill and 
are reduced to blooms, billets, slabs, 
and even sheet stock as required, These 
blooms, billets, slabs, and sheet stock 
may be further processed in a rolling 
mill to produce rails, T beams, angle 
iron, bar stock, tubing, etc. Fig. 23-20, 
illustrates some typical shapes which 
are formed by rolling. Numerous oper- 
ations are required to form some of 
the shapes. 

Forging, either drop or press, is 
used to obtain shapes stronger than 
castings and which are not easily rolled 
into shape. Forge hammers and/or 
forming dies are used to pound the 
metal into the shape desired. 

Extruding metal is a process by 
which metal normally in its plastic 
state is pushed with great force through 
dies which are cut in the shape of the 
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Fig. 23-20. Standard cross sectional shapes of metals. The welding process may 
be used to combine the principal forms into complex structures. 
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Fig. 23-21. Pump rotors made from powdered metals in a male-female die set. 


(Ford Motor Co.) 


desired cross section, This process 
produces long lengths of metal with 
uniform cross section. 

Drawing metal through dies to form 
wires, tubing, and moldings is alsoa 
popular method of shaping metal to 
meet a certain requirement, 

Many intricate shapes which would 
be difficult or impossible to make by 
any other method are now being pro- 
duced by the powdered metals process. 
The metal to be used is reduced toa 
powder texture and is forced under 
pressure into a heated steel mold, The 
properties of the finished part approxi- 
mate those of the original solid metal, 
Fig, 23-21, shows a die set being used 
to form gears from powdered metals. 

These parts are made to very close 
tolerances. Most of them can be used 
without any additional machining or 
grinding. 

Metal may also be reduced to actual 


fibers. The fibers are thenlaiddownor 
woven to form mats. Mats of fibrous 
metal are finding increasing use in 
resistance welding where the mats are 
placed between parts to be welded. 


23-24. TEST YOUR KNOWLEDGE 


1. What materials are put into a blast 
furnace for producing pig iron? 

2. How long does a charge remain on 
"blow" in a Bessemer furnace? 

3, What fuel is used in a Bessemer 
furnace ? 

4, In which type of furnace is stain- 
less steel most commonly made? 

5. What types of steel does the cruci- 
ble furnace produce ? 

6. What is the name of the most com- 
mon aluminum ore? 

7. Is molten pig iron part of the open 
hearth charge? 

8. What is a tuyere? 
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9, What fuel 
hearth furnace ? 
10. By what process is aluminum 
normally made? 

11, How does malleable iron differ from 
gray cast iron? 

12. Why does metal become heated in 
an induction furnace? 

13. Why are vacuum furnaces used? 
14, What type furnace is charged with 
some scrap steel? 


is used for the open 


15. Why is the open hearth furnace 
used more than the Bessemer furnace? 
16, Why is oxygen used in place of air 
in some open hearth furnaces? 

17. Describe the basic oxygen furnace. 
18. How does the continuous casting 
process differ from other methods of 
making steel? 

19. By what forming process may long 
pieces with intricate cross sectional 
shapes be produced? 
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METAL 
PROPERTIES, IDENTIFICATION 


It is necessary for a welder to have 
some accurate means of identifying 
metals. He must also have a good 
understanding of the constituents of 
metals in order that he may intelli- 
gently solve welding problems. 

Metals are divided into two major 
fields, These are: 

1, Ferrous metals. 

2. Nonferrous metals. 

Iron and its alloys are classified as 
ferrous metals, 

The nonferrous metals include met- 
als and alloys which contain either no 
iron or insignificant amounts of iron. 
Some of the more popular nonferrous 
metals a welder encounters are cop- 
per, brass, zinc, bronze, lead, and 
aluminum. 

A great amount of welding is done 
on ferrous metals ranging from wrought 
iron to low, medium, and high carbon 
steel, tool steel, stainless steel and 
cast iron. 

Recent developments in the various 
welding arts now makes it possible to 
satisfactorily weld practically all non- 
ferrous metals. 


24-1. IRON AND STEEL 


Iron is produced by reducing iron 
oxide, commonly called iron ore, to 
pig iron by means of the blast furnace. 

Many types of furnaces, are used to 
change pig iron into the various steels, 


Some of these furnaces are: the open 
hearth furnace, the Bessemer furnace, 
the basic oxygen furnace, the electric 
furnace, and the cupola furnace. See 
CHAPTER 23 for more information on 
these furnaces. 

Carbon steel is an alloy of iron and 
controlled amounts of carbon, Alloy 
steel is a combination of carbon steel 
and controlled amounts of other desir- 
able metal elements, The percentage of 
carbon content determines the type of 
carbon steel, For example, wrought 
iron has .003 percent carbon, meaning 
three thousandths of one percent, Low 
carbon steel contains less than .30 
percent carbon, Medium carbon steel 
varies between .30 and .45 percent 
carbon content. High carbon steel con- 
tains approximately .45 to .75 percent 
carbon, and very high carbon steel 
contains between .75 and 1.50 percent 
carbon, Cast iron contains 2-1/4 to 
4 percent carbon of which some is in 
the noncombined form and is in the 
form of graphite in gray cast iron. 

The carbon generally combines with 
the iron to form iron carbide, a very 
hard, brittle substance. This action 
means that as the carbon content of 
the steel increases, the hardness of the 
steel also tends to increase, 

Various heat treatments are used 
to enable steel to retain the strength 
of its higher carbon content, and yet 
not have the extreme brittleness usually 
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associated with high carbon steels. 
Also, certain other substances such as 
nickel, chromium, manganese, vana- 
dium, and other alloying metals may 
be added to steel to improve certain 
physical properties. 

A welder must also have an under- 
standing of the impurities occasionally 
found in metals and their effect upon 
the weldability of the metal. 

Two of the detrimental impurities 
sometimes found in steels are phos- 
phorus and sulphur. Their presence 
in the steel is due to their presence 
in the ore, or to the method of manu- 
facture. Both of these impurities are 
detrimental to the welding qualities of 
steel; therefore during the manufactur- 
ing process, extreme care is always 
taken to keep the impurities at a min- 
imum (.05 percent or less). Sulphur 
improves the machining qualities of 
steel, but it is detrimental to its hot 
forming properties. 

During a welding operation, sulphur 
or phosphorus tends to form gas in the 
molten metal, resulting in gas pockets 
in the welds, and in an increasing brit- 
tleness because of the sulphites and 
phosphates formed, Another impurity, 
usually resulting from the mechanical 
shaping of the metal to its final form, 
is dirt or slag (iron oxide) imbedded 
in the metal by the rollers, although 
some of the dirt may come from the 
by-products of the process of refining 
the metal. These impurities may also 
produce blow holes in the weld and 
reduce the physical properties of the 
metal in general. See PAR, 24-13. 


24-2, PHYSICAL PROPERTIES 
OF IRON AND STEEL 


A physical property is a character- 
istic of a metal which may be observed 
or measured, 


As mentioned previously, the physi- 
cal properties of steel are affected by 
the following: 

1. Carbon content. 

2. Impurities, 

3. Addition of various alloying 
metals. 

4. Heat treatment. 

CHAPTER 22 describes various ma- 
chines for determining these physical 
properties. Modifications ofthesetest- 
ing machines are being introduced into 
the welding shop to enable operators 
to identify these metals and to check on 
the physical properties of weldments. 

Some of the more important physical 
properties of steels are: 

1. Tensile strength. 

2. Duetility. 

3. Hardness. 

4, Brittleness. 

5. Compression strength, 

6, Elongation. 

7. Malleability. 

8, Toughness. 

9, Grain size. 

Fig. 24-1, illustrates the types of 
stresses imposed on structures, 

Tensile strength is the ability of a 
metal to resist being pulled apart. 
This property may be measured on a 
tensile testing machine which puts a 
stretching load on the metal. 

Ductility is the ability of a metal to 
be stretched. A very ductile metal such 
as copper or aluminum may be pulled 
through dies to form wire, The ductil- 
ity of iron and steel may be measured 
during a tensile test, 

Hardness is the quality which allows 
a metal to resist penetration, The 
Rockwell, Brinell or Scleroscope may 
be used totest hardness inironor steel, 

Brittleness in a metal means it will 
fracture easily if bent sharply or struck 
a sharp blow. Cast iron, especially a 
thin section, is very brittle. 
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Fig. 24-1. Types of stresses (loads) imposed on 
structures: Compression, Tension, Shear, Torsion, 
Bending (lower surface is in tension, the upper sur- 
face is in compression), Fatigue (a vibration i. e. a 
cyclic reversing of load either compression, tension, 
torsion, or shear or any combination of these loads). 


The compression strength of a metal 
is a measure of how much squeezing 
force it can withstand before it fails. 
The metal to be tested is mounted in a 
tensile tester, but instead of pulling 
on the metal, a squeezing (compression) 
force is applied. 

Elongation is measured by how much 
a metal will stretch before it breaks. 
Elongation or the percent of elongation 
is measured during a tensile test. Two 
marks, exactly two inches apart are 
placed on the tensile sample and the 
distance between the marks is again 
measured after the sample breaks. The 
original distance between the marks is 
compared to the increase in length to 
determine the percent of elongation. 
The percent of elongation of cast iron 
is very low, since it is brittle. 

Malleability is the property of a metal 
to be hammered into shape. Low carbon 
steel is malleable; cast iron is not, 

A metal is said to be tough if it can 
withstand repeated application and re- 
lease of force, such as in bending a 
metal back and forth, 

The examination of the grain size of 
a known metal under a microscope will 
give a good indication ofthe brittleness 
of a metal, its tensile strength, the heat 
treatment, and its ductility. 

Before these properties may be 
studied in detail, you must have an 
understanding of the effect of carbon 
on the properties of steel, and a 
thorough knowledge of alloys in general. 


24-3. ALLOY METALS 


As mentioned previously, an alloy 
metal may be defined as an intimate 
mixture of two or more metals, 

Any ferrous ornonferrous metal may 
be alloyed to form an alloy metal with 
new and desirable characteristics. 

Steel is an alloy of iron and con- 
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trolled amounts of carbon, Alloy steels 
are created by adding other metals to 
plain carbon steel. Some metals which 
are alloyed with carbon steel and the 
qualities imparted to steel by eachare: 

Chromium - Increases resistance 
to corrosion; improves the responsive- 
ness to heat treatment, 

Manganese - Increases strengthand 
responsiveness to heat treatment. 

Molybdenum - Increases toughness 
and improves the strength of steel at 
higher temperatures. 

Nickel - Increases strength and 
toughness; increasesimpact resistance 
qualities, 

Tungsten - Produces dense, fine 
grain; helps steel to retain its hard- 
ness; helps steel to retain strength at 
high temperatures, 

Vanadium - Retards grain growth 
and improves impact resistance 
strength, 

. The melting temperature of a metal 

is changed somewhat whenever an al- 
loying metal is added, This may be 
illustrated by examining the cooling 
curve for a simple alloy. 

A simple alloy consists of two metals 
in any proportion, Anexample of a sim- 
ple alloy is the combination of lead and 
tin, The melting temperature of the 
lead is 635 deg. F. Tin has a melting 
temperature of 432 deg. F. However, 
as the two metals are mixed, anycom- 
bination of the two results in a lower 
melting temperature than 635 deg. F. 
At a certain proportion of the metals, 
the lowest melting temperature is 
reached, which is lower in a simple 
alloy, than the melting temperature of 
either of the two pure metals separate- 
ly. This point is called the eutectic 
point, as shown in Fig, 24-2, 

In this diagram at temperatures be- 
low line (1, 2) generally the lead is 
solid but the tin is liquid and then 


as the alloy cools, all of the tin be- 
comes solid at line (4,2). Likewise 
under line (2, 3) the lead solidified and 
the tin remains a liquid until at line 
(2,5) it all becomes solid, Between 
points (4) and (5) the alloys have the 
same starting-to-melt (solidus) tem- 
perature. In the areas.to the left of 
(1, 4) the alloy remains solid up to line 
(4, 5) but the crystal shape changes 
and is called alpha alloy. In the area 
to the right of (3, 5) the alloy remains 
solid up to the line (3, 5) but the crystal 
shape changes and is called beta, 


24-4, COOLING CURVES 


The temperature of a metal (not an 
alloy) under a certain pressure (atmo- 
spheric), remains constant during the 
change from the liquid to the solid 
state. As most metals are heated to 
their melting temperature, athermom- 
eter will show a constant rise in tem- 
perature per unit of time, with a con- 
stant heat input, untilthe metal reaches 
its melting temperature. However, as 
the metal melts, the temperature will 
remain constant for a length of time, 
During this time, the molecular struc- 
ture of the metal absorbs heat energy 
which is required to change the position 
of the metal atoms in the structure of 
the molecule as the metal changes from 
a solid to a liquid state, After the metal 
is melted, the temperature will again 
rise as the metal is heated. 

As ametal cools from the liquid state, 
the temperature may be observed to 
drop until the point where the metal 
solidifies is reached, At this point, the 
temperature will remain constant while 
the atoms inthe metal molecules change 
back to the solid state molecular struc- 
ture. During this period of time while 
the atoms are changing position in the 
molecule the molecule releases heat. 


24-4 


Metal Properties, Identification 


After the metal has solidified, the tem- 
perature will again drop untilit reaches 
room temperature. 

The pause, even though there is ab- 
sorption of energy on heating is called 
accalescence, while the release of en- 
ergy on cooling even though there is 
no temperature change, is called de- 
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structure change in the solid metal, 
and cause the metal to expand (absorb- 
ing heat), or contract while cooling as 
heat energy is suddenly released, These 
points are called critical points, The 
heat treatment of a metal through this 
crystalline structure change is of tre- 
mendous importance, These critical 
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Fig. 24-2. Lead-tin diagram. Line A, represents the popular 50-50 solder; Line B, 
represents the range of body solders and lead pipe wiping solders. 


calescence, In these alloys the absorp- 
tion of energy during heating, or energy 
release during cooling causes a delay 
in the temperature change while inter- 
nal energy changes are taking place 
even though the alloy stays in the solid 
condition, 

These points signify a crystalline 


points, as they are sometimes called, 
are the important points one must ob- 
serve when heat treating metals. The 
cooling curves for steels illustrate 
decalescence and accalescence very 
well, Some samples of steels show two 
of these points on cooling and heating 
while some show only one. If, for every 
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Fig. 24-3. lron-carbon diagram. 
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carbon content, i. e., 5 point, 10 point, 
15 point, etc., a cooling curve and heat- 
ing curve were plotted, one would soon 
perceive that the points of accalescence 
and decalescence change with the car- 
bon content, If a graph is made plotting 
the accalescence and decalescence 
points for the various carbon contents 
against temperature, the result is an 
iron-carbon diagram. 


24-5. IRON-CARBON DIAGRAM 


The iron-carbon diagram, Fig.24-3, 
shows the melting temperature changes 
as the carbon content changes and, more 
important, it shows the critical points 
during the temperature changes. Note 
that some of the areas on the chart are 
labeled cold working, hot working, 
forging, welding, etc. Note that the 
amount of carbon in the steelis very 
small. In most steels the carbon con- 
tent is less than 1 percent. Since a 
small change in carbon content changes 
the characteristics of steel so greatly, 
the carbon content must be specified 
in 1/100 of 1 percent. Steel men call 
each 1/100 of 1 percent carbon one 
point of carbon, One percent carbon 
steel (a high carbon steel) is called 
100 point steel while 10/100 of 1 percent 
carbon steel is called 10 point carbon 
steel. 

Some of the outstanding features of 
iron-carbon combinations are: 

First, up to a percentage of 45 point 
carbon the steel goes through three 
molecular structure changes or three 
critical points, These points are at 
lines fps A», and A3. 

Second, in the range of 45 point car- 
bon to 85 point carbon, there are two 
critical temperatures. 

Third, at 85 point carbon content 
there is only one critical point andthis 
is known as the eutectic point. 

Fourth, from 85 point to 170 point 


carbon there are two critical points. 
These two points occur at line A3_9_4 
and line Acw. 

Fifth, above 170 point carbon are in- 
cluded gray cast iron, white cast iron, 
and malleable iron, 

All the critical points are of impor- 
tance to the welder; but the lowest 
critical point is of the greatest impor- 
tance, occurring at approximately 1250 
deg. F. This is the temperature to which 
steels must be heated for hardening, 
annealing, etc. In addition, note that 
carbon steels are heated to 350-550 deg. 
F. and high speed steel is heated to 
1000 deg. F. for tempering. 

As a further example, follow the 
changes when 20 point carbon steel or 
.20 percent carbon steel, whichis known 
as mild steel, or technically speaking 
as hypoeutectoid steel, is heated and 
cooled through the complete tempera- 
ture range. As the temperature rises, 
(1) the combination is ferrite metal 
with very little cementite (iron carbide) 
up to 1250 deg. F., (2) if 20 point carbon 
steel is heated up to the temperature of 
1350 deg. F. or slightly above the first 
critical point and then allowed to cool 
slowly, the steel will be partially an- 
nealed. If the steel is heated about 100 
deg. above the Ag line tothe full anneal- 
ing line and then cooled slowly, all 
crystals will be affected and the steel 
will be fully annealed, The temperature 
of 1250 deg. F. is the temperature where 
the crystalline structure changes. At 
this temperature the crystals are the 
smallest (finest), Some of the grains 
consist of pure iron which are called 
ferrite, while other grains consist of 
iron-carbide, called cementite. When 
the grains appear in alternate layers 
or rows of ferrite and iron-carbide, 
the metal has a pearly appearance un- 
der a microscope. This condition is 
called pearlite, a name developed from 
this appearance. 
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Just below the temperature of 1250 
deg. F. a point is reached which is 
labeled the best heat for mechanical 
working. This means that when the steel 
is heated to this temperature, it may 
be worked by means of rollers and 
pounding, without fracture occurring. 
When a temperature slightly over 1400 
deg, is reached, a new change occurs 
and the steel is labeled alpha iron. The 
steel, while at 1550 deg. F., is changed 
to the beta form. These terms (alpha 
and beta) are technical divisions, or 
iron-carbon combinations, and have no 
direct bearing on the practical treat- 
ment of steel, The terms alpha, beta, 
and gamma are the names given to the 
various shaped crystals (molecular 
structure) of iron and carbon steel, 

Slightly above this temperature, how- 
ever, at approximately 1600 to 1700 deg. 
F. the iron turns into gamma iron, If 
the steel is heated to this temperature 
and then allowed to cool slowly, the 
steel will be in its softest possible 
condition, The crystal size will be much 
larger than if the steel were heated 
only to 1250 deg. F. 

When it is desired to increase the 
carbon content of mild steel, a tem- 
perature slightly above its full anneal- 
ing temperature is used. If the steel 
is exposed to carbon at this tempera- 
ture, the outer surface of the metal 
will combine with some of the carbon, 
thus producing an increased carbon 
content in the skin of the metal (case 
hardening process). This process is 
used when a hard surface is desired 
along with a strong tough interior. 

If the metal is heated between 2100- 
2350 deg. F., it reaches the range in 
which the metal can best be forged 
(plastic range). Just above this temper- 
ature (from 2350 to 2550 deg. F.) is the 
welding temperature of the metal. Here 
the metal is molten, but at this temper- 
ature it will not burn. From 2550 deg. 


F. and up, the 20 point carbon steel is 
in the burning zone, meaning the spon- 
taneous oxidizing zones. This temper- 
ature is labeled the burning zone in 
Fig. 24-3. 

From this description you can readily 
see that the temperature under which 
metalis worked, or to which the metal 
is heated, has a decided bearing upon 
its properties. Twenty point carbon 
steel is a very common steel, and you 
should try to remember the approxi- 
mate temperatures that must be ob- 
tained to create the conditions listed 
in the preceding paragraphs. 

It is interesting to note that as the 
carbon content is increased, the com- 
mercial annealing temperature and the 
mechanical working temperature re- 
main approximately the same. How- 
ever, the full annealing temperature de- 
creases asthe carbon content increases 
up to 85 point carbon, as does the 
forging temperature and the welding 
temperature. 

Beyond the 45 point carbon steel 
point, the case hardening temperature 
is of no special significance as the 
metal may be hardened without having 
any carbon added. 

The heating of steel during a fusion 
welding process will ruin the heat 
treatment, or any properties of the 
metal that are the result of mechanical 
working. To renew these properties, 
the metal must again be heat treated 
and/or mechanically worked, 

You may also notice that the forging 
temperatures and welding tempera- 
tures are not listed above 70 to 75 
point carbon, This is because forging 
metal that has more than "0 point 
carbon is not practical, Braze welding, 
rather than fusion welding, is recom- 
mended for steels from 70 point carbon 
up to the cast iron range. 

Above 170 point carbon, welding may 
be used again. To attempt to weld steel 
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between 85 and 170 point carbon usual- 
ly subjects the steel to the burning 
point temperature which will affect the 
carbon content. High carbon steel, 
during welding, boils vigorously and 
becomes brittle and porous, 

‘Above the horizontal line passing 
through eutectic point labeled Eg at 85 
point carbon steel, the temperature be- 
tween 1350 and 1450 deg. F. is labeled 
the hardening temperature, If steel of 
85 point carbon to 170 point carbon is 
heated to this temperature and then 
cooled very rapidly, the metal will be 
very hard. 

To anneal this metal it should be re- 
heated to a temperature between 1350 
and 1450 deg, F. and held at that temper- 
ature until it is a uniform temperature 
throughout its thickness and then cooled 
as slowly as possible, 

The size of the crystals in a metal 
determine to a great extentits strength 
and ductility. If 15 point carbon steel 
is heated, the crystal size will not 
change until a temperature of approxi- 
mately 1350 deg. F. is reached, Atthis 
point the crystals change totheir small- 
est and most refined state. If the metal 
is cooled rapidly from this tempera- 
ture, the crystals will be very small. 
The metal is now at its maximum 
strength, but will not be extremely 
ductile. Above the critical point, grain 
growth is a result of two things--time 
and temperature, If the metal is heated 
to a temperature higher than the 1350 
deg. F. point, the crystals gradually 
increase in size as a result of the 
temperature increase. If the metal is 
cooled slowly from any temperature 
higher than the 1350 deg. F., the crys- 
tals will continue to grow to a maxi- 
mum Size because of the time spent 
above the critical point until 1350 deg. 
F. is reached, But from 1350 deg. F. 
down, the crystal remains the same 
size. 


24-6. IDENTIFICATION OF 
IRON AND STEEL 


Because of the effect on the proper- 
ties of steel caused by the three 
variables, carbon content, tempera- 
ture, and time, a welder must be able 
to determine quite accurately the nature 
of the steel being handled, The manu- 
facturers' specifications for the 
particular steel are most desirable, 
Whenever possSible the welder should 
obtain these specifications and keep 
them on file. At the same time he 
should mark the metal to correspond 
with filed information, Where manu- 
facturers' specifications are not avail- 
able other methods may be used to de- 
termine the nature of the metal. 

Many tests have been developed, but 
the following are the most common for 
shop use: 

1. Spark test(with the power grinder), 

2. Oxyacetylene torch test. 

3, Fracture test. 

4, Color test. 

5. Density or specific gravity test. 

6, Ring or sound of the metal upon 
impacting with some other metal. 

7, Magnetic test, 

8. Chip test. 

Of these tests, numbers three through 
eight should take place almost sub- 
consciously in the welder's mind, as 
he works on the metal, The spark test 
and the gas torch test must be done 
under carefully prepared conditions. 
These tests indicate to a remarkably 
accurate degree the properties and 
constituents of the metal. 


24-7. SPARK TEST 


A method of identifying metals, which 
was developed and carefully analyzed 
by John F. Keller, of Purdue Universi- 
ty, is extensively used by welders to 
identify irons and steels, A power 
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Fig. 24-4. Spark test for common cast irons and steels. 


(Norton Co.) 


grinder is used as the test equipment, 
When grinding you must always wear 
goggles, The grinder must be inspected 
to see that it is in good condition be- 
fore proceeding with the test. When 
testing a sample, if you touch the rim 
of the revolving wheel lightly with the 
metal, the friction of the wheel surface 
as it contacts the metal heats the 
particles removed to the incandescent 
and burning temperature, The sparks 
resulting from the contact are found to 
differ in character for different steels, 
The lighter the contact, the better; and 
one should use a black background to 
better identify the spark. The theory 
of the spark test is when a metal is 
heated, the different parts of the metal 
oxidize at different rates and the oxi- 
dation colors are different, Relatively 
pure iron when heated by the grinding 
wheel does not oxidize quickly. there- 
fore the sparks are long and fade out 


on cooling. As the carbon content of 
steel or cast iron increases, the com- 
pounds of carbon andiron have different 
ignition temperatures, and therefore 
the characteristics ofthe sparks differ, 
Four characteristics of the spark 
generally denote the nature, and con- 
dition of the steel; they are: 

1. Color of spark. 

2. Length of spark, 

3. Number of explosions (spurts) 
along the length of the individual sparks, 

4. Shape of the explosions (forking 
or repeating). 

For example, a mild steelcontaining 
20 point carbon (.20 percent) will show 
a long white spark which will jump 
approximately 70 in, from the power 
grinder (using a 12 in. wheel). Some of 
these sparks will suddenly explode, 
shooting off smaller sparks at approx- 
imately 45 deg. angles to the direction 
of travel of the original spark, A 30 
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point carbon steel will have sparks al- 
most identical to the 20 point carbon 
steel with the exception that more 
streamlined sparks will explode while 
the total length of the sparks will de- 
crease slightly. This serves to show 
that as the carbon content of steel in- 
creases, the explosions of the sparks 
become more frequent. Also, as the 
carbon content increases the length of 
the spark is decreased because of the 
interruption during their flight of the 
individual explosions or extremely 
rapid oxidation of some of the materials 
in the incandescent particle. In Fig. 
24-4, for example, a high carbon tool 
steel, containing 80 point carbon, hasa 
very short spark with explosions 
occurring so rapidly that it is hard to 
identify the longer streamlined iron 
shapes. The sparks dissipate them- 
selves very quickly. See Fig. 24-5. 


RELATIVE 


COLOR OF 


carbon is white, is faster disappearing 
and the length of the spark is usually 
a little longer. Both of these metals 
show a small spark explosion at the 
extremity of the spark flight. The 
amount of the spark in these two cases 
is considerably less than one would 
expect from such a high carbon content, 


24-8. OXYACETYLENE TORCH TEST 


Even if you know the physical com- 
position and the chemical composition 
of a metal, you must alsoknow whether 
the metal has good welding properties. 
For example, some cold rolled sheet 
steels may show' very good physical 
and chemical properties, but during 
some part of the manufacturing pro- 
cess, impurities have been added to it 
or certain work was done to the metal 
affecting its properties to the extent 


COLOR OF 


VOLUME OF LENGTH OF STREAM CLOSE STREAKS NEAR QUANTITY OF NATURE OF 
METAL STREAM STREAM, INCHES* TO WHEEL END OF STREAM SPURTS SPURTS 

Wrought iron Large 65 Straw White Very few Fork ed 
Machine stee! (AISI 1020) Large 70 White . White Few Forked 
Carbon tool steel Moderately large 55 White White Very many Fine, repeating 
Gray cast iron Small 25 Red Straw Many Fine, repeating 
White cast iron Very small 20 Red Straw Few Fine, repeating 
Annealed mall. iron Moderate 30 Red Straw Many Fine, repeating 


* Figures obtained with 12'* wheel on bench stand are relative only. Ac- 
tual length in each instance will vary with grinding wheel, pressure, etc. 


Fig. 24-5. Table of spark test characteristics of common cast irons and steels. 


When higher carbon content metals 
are tested, you may become confused 
between extremely high carbon steel 
and cast iron because the spark is 
somewhat the same, Heat treatments 
have some effect on the nature of the 
spark. The appearance of the cast iron 
and high carbon steel on the basis of 
the spark are almost identical. How- 
ever, the cast iron spark, whenleaving 
the point of contact, is a dull red and 
the spark jumps only 20 to 25 in. from 
the wheel; while the spark from a high 
carbon steel of approximately 130 point 


the metal will not melt readily for 
welding, will not fuse readily, and the 
final weld may be unsatisfactory. The 
usual cause of this condition is that 
there are impurities imbedded in the 
metal in the form of slag and roller 
dirt or excessive sulphur and phos- 
phorus, For these reasons a welder 
should subject steel to the torch test. 

The actual test consists of melting 
a puddle in the steel, If the metal is 
thin, the puddle penetrates through the 
thickness of the steel until a hole is 
formed. This puddling should be done 
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with a neutral flame, held atthe proper 
distance from the metal. The puddle 
should not spark excessively; and it 
should be fluid. The puddle should not 
boil, and it should possess good sur- 
face tension, The appearance on the 
edge of this apperture is very indicative 
of the weldability of the steel. If the 
metal that was melted has an even, 
shiny appearance upon solidification, 
the metal is generally considered as 
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24-9. MISCELLANEOUS 
IDENTIFICATION TESTS 


As an added precaution to the above 
tests, six other tests are occasionally 
used by the welding jobber. The frac- 
ture test is used extensively and con- 
sists of breaking a portion of the metal 
in two, Ifitisa repair job, the fractured 
surface is ready for inspection, The 
appearance of the surface where the 


P 


E 
— | 


F 


Fig. 24-6. Torch (blowpipe) flame test: A. Good quality filler rod. Hl and C. Good 
quality base metal. D. Poor quality filler rod. E and F. Poor quality base metal. 


having good welding properties, How- 
ever, if the molten metal surface is 
dull or has a colored surface, and if 
this surface is rough, perhaps even 
broken up into small pits or porous 
spots, the metal is generally unsatis- 
factory for welding. 

This test is accurate enough for most 
welding. The test is very easily applied 
with the equipment on the premises and 
determines the one thing that is funda- 
mentally necessary in any welding job, 
that is, the weldability of the metal. 
Fig. 24-6, shows how this test is con- 
ducted. While performing the weld- 
ability test of the metal, itisimportant 
to note the amount of sparking emitted 
from the molten metal. 


metal is cracked shows the grain struc- 
ture of the steel, Ifthe grains are large, 
the metal is brittle and weak; if the 
grains are small, the metal is usually 
hard and brittle, or soft and ductile. 
The fracture shows the color of the 
metal which is a good means of iden- 
tifying one metal from another, andthe 
test also indicates the type of metal by 
the ease with whichit may be fractured, 
Fig. 24-7, shows the appearance of the 
fractured surface of several different 
metals, The two main divisions of met- 
als include the irons and steels which 
are indicated by theirtypicalgray white 
color, and the nonferrous metals which 
come in two general color classifica- 
tions of yellow and white, Copper may 
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be rather easily identified by a welder 
and the same applies to brass and 
bronze, Aluminum, white metal, alu- 
minum alloys, zinc, and the like, are 
all of somewhat the same silver-gray 
color although they may vary in shade. 

The metals may alsobe differentiated 
by means of the weight or density test 
of the specimen. A good example of 
identification by density or specific 
gravity is identifying aluminum and 
lead. Roughly speaking, their colors are 
somewhat similar, but anyone may 
readily distinguish between the two 
metals because of their respective 
weights, 

The ring test, or the sound of the 
metal test, is an easy means of iden- 
tifying certain metals, after one has 
had some experience with this method, 
It is used extensively for identifying 
heat-treated steels from anneal- 
ing steels, It is also used to detect 
alloys from the base metal, Anexample 
of the latter is aluminum and duralumin, 
The pure aluminum sheet has a duller 


The magnetic test is an elementary 
test used to identify iron and steel 
metals from the nonferrous metals, 
Generally speaking, all steels are af- 
fected by magnetism while the nonfer- 
rous metals are not. However, some 
stainless steels are not magnetic. 

Another test which must be accom- 
panied by considerable experience is 
the chipping test of a metal in which 
the cutting action of the chisel indi- 
cates its structure and heat treatment. 
Cast iron, for example, when being 
chip-tested, breakes off in small par- 
ticles; but with mild steel the chip tends 
to curl and cling to the original piece. 
The higher-carbon, heat-treated steels 
cannot be tested this way because of 
their hardness, 


24-10. CHEMICAL TESTS TO 
IDENTIFY METALS 


At the present time chemicals are 
not used extensively for identifying 
metals in the welding shop. However, 


Fig. 24-7. Fractured surfaces of several different metals. 


(Linde Air Products Co.) 


sound, or ring, than the duralumin 
which is somewhat harder and has a 
more distinct ringing sound, 


as different chemicals are developed 
this usage will grow. The tests inthem- 
selves are rather simple. The chemical 
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is applied to the metal surface of a 
sample, or the metal is immersed in 
some chemical solution and the result- 
ing reaction noted Thusstels t» 
especially useful for alloy metals. 

To identify aluminum from its alloys 
a caustic soda solution is used. The 
metal is exposed to a solution of 25 
percent sodium hydroxide and 75 per- 
cent water by weight for 2 or 3 minutes, 
The pure aluminum will stay bright 
while the dural or any copper bearing 
aluminum will turn dark. 

Nickel steel may be identified by 
dropping some 50 percent nitric acid 
solution on the cleaned metal for one 
half minute. Blot the drop and then add 
some dimethylglyoxime solution, This 
solution is made by mixing 1 gram 
ammonium acetate, 1 gram dimethyl- 
glyoxime, 75 cubic centimeters of ace- 
tic acid and 30 cubic centimers of con- 
centrated ammonia, 

A popular aircraft steel, chrome- 
molybdenum steel, is identified by im- 
mersing some filings or drillings in 
dilute sulphuric acid. As the steel fin- 
ishes dissolving, the solution will turn 
a deep green. 

A rough test between mild carbon 
steel and chrome-moly steel may be 
indicated by the relative hardness of 
the metals while being hacksawed, 


24-11. IDENTIFICATION OF 
IRON AND STEEL ALLOYS 


During the last decade, extensive 
research has been carried on withiron 
and carbon steels in which other metals 
‘have been added to improve or bring 
out certain properties, The two main 
fields in which this development has 
taken place are in the stainless, and 
low carbon alloy steels. These metals 
are difficult to identify from ordinary 
steels, and their composition greatly 


affects their welding properties. The 
development of these new metals may 
result in the development of more 
accurate identifying equipment for the 
welding shop. 

Alloys with iron-carbon metals are 
provided to develop or improve the 
various physical properties ofthe met- 
al. A common illustration includes the 
stainless steels in which alloy metals 
are used in the steel to make the steel 
corrosion-proof, and to develop other 
desired physical properties such as 
toughness and strength, These metals 
consist of various combinations of 
chromium, nickel, and copper. Other 
metals may be added to the steel to 
increase its strength, hardness and/or 
toughness. A good example of this type 
of alloy is the use of tungsten, The 
addition of a small amount of tungsten 
to steel produces an extremely hard 
metal without sacrificing its other 
properties to any appreciable extent, 
Low-carbon alloy steels are some- 
times improved by alloying these steels 
with various amounts of nickel or cop- 
per. These alloys serve the purpose of 
producing stronger steels at a mini- 
mum cost. Heat treatment is of great 
importance when one wants to obtain 
the best physical properties of alloy 
steels. 


24-12. SPARK TEST FOR 
ALLOY STEELS 


The appearance of the power grinder 
spark for alloy steels varies consider- 
ably, depending on the alloys included 
in the metal, The basic test; that is 
the iron-carbon spark, isidentical with 
the straight, iron-carbon steels. The 
number of the spark explosions 
increases as the length of the spark 
flight decreases, and the color of the 
spark becomes brighter and brighter 
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High Speed Steel 


Manganese Steel 


Tungsten-Chram 


Die Sheel Nitrided Niteallay 


Cemented 
Tungsten Carbide 


Fig. 24-8. Spark test for some alloy steels and alloying metals. 


as the carbon content increases. The 
principal variations the alloy elements 
give to a steel are the multitude of 
right-angle, branch-off sparks which 
result from the different incandescent 
colors of the alloys in the metal (the 
change of color of the spark). 

As an example, a manganese steel 
has only a slight indication of the 
spark explosion, but the manganese 
causes the sparks to shoot out at right 
angles to the flight of the original 
spark, and these sparks tend further to 


RELATIVE 

VOLUME OF LENGTH OF 
METAL STREAM STREAM, INCHES” 
High speed steel (18-4-1) Small 60 
Austenitic manganese steel Moderately large 45 
Stainless steel (Type 410) Moderate 50 
Tungsten-chromium die steel Small 35 
Nitrided Nitralloy Large (curved) 55 
Stellite Very small 10 
Cemented tungsten carbide Extremely small 2 
Nickel Very small *** 10 
Copper, brass, aluminum None 


STREAM CLOSE 


explode (repeating sparks) producing 
the appearance of a leafless tree 
branch, as shown in Fig. 24-8, 
Tungsten-chrominum steels, which 
are used for high speed work, show the 
typical, high-speed steel spark with 
the exception that the spark turns to a 
chromium yellow (straw color) at the 
end of its flight. The chromium and 
the tungsten have a deteriorating effect 
on the carbon spark, causing it to be 
very fine or thin with repeating spurts. 
Fig. 24-9 shows the spark charac- 


COLOR OF 
STREAKS NEAR QUANTITY OF NATURE OF 


COLOR OF 


TO WHEEL END OF STREAM SPURTS SPURTS 
Red Straw Extremely few Forked 
White White Mony Fine, repeoting 
Straw White Moderate Forked 
Red Strow** Many Fine, repeating ** 
White White Moderate Forked 
Orange Orange None 
Light Orange Light Orange None 
Orange Orange None 
None 


*Figures obtained with 12°? wheel on bench stand ond are relative only. Actual length in each 
instance will vary with grinding wheel, pressure, etc. ** Blue-white spurts. *** Some wavy streaks. 


Fig. 24-9. Table of spark test characteristics of alloy steels. 
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teristics for alloy steels, The spark is 
also an interrupted one, that is, it dis- 
appears for a portion of its flight and 
then appears again. 


24-13. TORCH TEST FOR 
ALLOY STEELS 


It is difficult to give rigid specifi- 
cations of the torch-melting test for 
all alloy steels, However, itis general- 
ly known that the higher the alloy con- 
stituents, the more difficult it is to 
weld the metal, Under the influence of 
the torch flame, the metals have a 
tendency to boil, because of the action 
of the alloys in them, and special fluxes 
are often used when welding them, 

Stainless steels are difficult to flame 
weld, and a flux is needed to produce 
good welds. Without the flux the metal 
boils and a porous puddle is produced, 

Manganese steel is often used for 
surfaces which are exposed to abrasive 
wear, such as power shovel buckets, 
The usual application of welding in 
this case is to build up the worn sur- 
faces. The steel melts readily under 
the torch flame and presents few diffi- 
culties in welding. 

Nickel steels can be identified under 
the torch flame .by the boiling action 
of the metal, 

Nickel-chrome steels behave in 
somewhat the same manner. 


24-14. MISCELLANEOUS TESTS 
FOR ALLOY STEELS 


The color test, ring test, magnetic 
test, fracture test, and the chip test 
are all applicable to alloy steels, but 
perhaps the easiest one is the color 
test. The different alloy constituents 
tend to change the color of the metal, 
which in certain compositions is very 
noticeable and characteristic, 


\ 

Stainless steels, for example, havea 
distinct silvery color, which sets them 
apart from the other steel alloys, Some 
of the metals are magnetic, whereas 
others are not. Identification can be 
accomplished to a certain extent by 
using this test. The chip test is not 
used extensively for identifications be- 
cause of the similarity in the appear- 
ance of practically all the stainless 
steel alloys. However, some of these 
alloys are considerably harder than 
others, and the chip test will bring this 
out quite clearly. 

The ring or metallic sound of the 
metal is another test which can be 
applied to steel alloys withconsiderable 
accuracy. However, it is recommended 
that this test be used in conjunction 
with other tests. 


24-15. CHEMICAL TESTS FOR 
ALLOY STEELS 


There is no doubt that chemical 
tests will someday be commonly used 
to identify various steel alloys. The 
alloys can be identified by chemical 
reactions much more accurately and 
easily than by any other method. The 
application of different etching acids 
brings out the color of the alloy, or 
reacts with the alloys in the metal to 
the extent that they may be readily 
identified. 

The method is: Achemicaltest rack, 
holding bottles which contain the test 
chemicals, is set up in the shop. These 
chemicals are listed as having the 
property of acting upon the different 
metals with different results, Perhaps 
one chemical will react with only one 
of the different alloy metals, or the 
chemical may react with more than 
one bringing out different results, such 
as color and speed of reaction. 
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24-16. NUMBERING SYSTEMS 
FOR METALS 


The Society of Automotive Engineers 
(S.A.E.) has long been a leader in 
standardizing in the automotive field, 
The Society has developed a numbering 
system for identifying practically all 
steels. The code is based on a number 
of four digits, i.e., 2115, The first digit 
2 classifies the steel, the number 2 
representing nickel steels. The second 
digit represents the percent ofthe alloy 
metal in the steel, i, e., 2115 represents 
1.25 to 1.75 percent nickel, 

The last two digits represent the 
carbon content of the metal in points 
(hundreths of one percent), i.e., .15 to 
.25 percent carbon. Fig. 24-10, is a 
table of sample S.A.E. steels. S.A.E. 


first number designations for steeland 
steel alloys are as follows: 
1000 Carbon steels. 

1100 Are special, sulphur-carbon 
steels that have free cutting properties. 
1200 Phosphorus-carbon steels. 

1300 Manganese steels. 

2000 Nickel steels. 

3000 Nickel-Chromium steels. 

4000 Molybdenum steels. 

5000 Chromium steels. 

6000 Chromium-Vanadium steels. 

7000 Tungsten steels. 

9000 Silicon- Managanese steels. 
Some special divisions are as follows: 

30000 and 51000 are corrosion and 
heat-resisting steels. 

30000 Nickel-Chromium steels. 

51000 Chromium steels, 

The American Society of Testing 


SAE-AISI CARBON STEEL COMPOSITION NUMBERS 


CARBON MANGANESE PHOSPHORUS SULFUR 
SAE AISI RANGE RANGE MAX. MAX. 
1010 C1010 0.08-0.18 0.30-0.60 0.040 0.050 
1015 C1015 0.13-0.18 0.30-0.60 0.040 0.050 
1020 C1020 0.18-0.23 0.30-0.60 0.040 0.050 
1025 C1025 0.22-0.28 0.30-0.60 0.040 0.050 
1030 C1030 0.28-0.34 0.60-0.90 0.040 0.050 
1035 C1035 0.32-0.38 0.60-0.90 0.040 0.050 
1040 C1040 0.37-0.44 0.60-0.90 0.040 0.050 
1045 C1045 0.43-0.50 0.60-0.90 0.040 0.050 
1050 C1050 0.48-0.55 0.60-0.90 0.040 0.050 
1055 C1055 0.50-0.60 0.60-0.90 0.040 0.050 
1060 C1060 0.55-0.65 0.60-0.90 0.040 0.050 
1065 C1065 0.60-0.70 0.60-0.90 0.040 0.050 
1070 C1070 0.65-0.75 0.60-0.90 0.040 0.050 
1075 C1075 0.70-0.80 0.40-0.70 0.040 0.050 
1080 C1080 0.75-0.88 0.60-0.90 0.040 0.050 
1085 C1085 0.80-0.93 0.70-1.00 0.040 0.050 
1090 C1090 0.85-0.98 0.60-0.90 0.040 0.050 
1095 C1095 0.90-1.03 0.30-0.50 0.040 0.050 

RESULPHURIZED CARBON STEELS 
CARBON MANGANESE PHOSPHORUS SULFUR 
SAE AISI RANGE RANGE MAX. MAX. 
C1115 0.13-0.18 0.60-0.90 0.040 max.  0.00-0:13 
es C1120 0.18-0.23 0.70-1.00 0.040 0.08-0.13 
1125 C1125 0.22-0.28 0.60-0.90 0.040 0.08-0.13 
1140 C1140 0.37-0.44 0.70-1.00 0.040 0.08-0.13 


(Continued on next page). 
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SAE 


3140 
3310 


SAE 


4130 
4140 
4150 
4320 
4340 
4615 
4620 
4815 
4820 


SAE 


5120 
5140 
5150 


AISI 


3140 
E3310 


AISI 


4130 
4140 


AISI 


5120 
5140 
5150 


52100 E52100 


REPHOSPHURIZED AND RESULPHURIZED CARBON STEELS 


SAE 


1211 
1213 


CARBON 
RANGE 


AISI 


AISI 


C1211 
Gl2i3 


CARBON 
RANGE 


0.13 max. 
0.13 max. 


MANGANESE 


RANGE 


0.60-0.90 
0.70-1.00 


0. 
0. 


MANGANESE STEELS 


PHOSPHORUS 


MAX. 


07-0.12 
07-0.12 


SULFUR 
MAX. 


0.08-0.15 
0.24-0.33 


MANGANESE 


RANGE 


PHOSPH 


ORUS 


MAX. 


SULFUR 
MAX. 


SILICON 


1330 
1335 
1340 


1345 


AISI 


2515 


CARBON 
RANGE 


0.38-0.43 
0.08-0. 13 


CARBON 
RANGE 


CARBON 
RANGE 


RANGE 


0.70-0.90 
0.45-0.60 


MANGA- 
NESE 
RANGE 


0.40-0.60 
0.75-1.00 
0.75-1.00 
0.45-0.65 
0.60-0.80 
0.45-0.65 
0.45-0.65 
0.40-0.60 
0.50-0.70 


MANGANESE 


RANGE 


0.040 
0.040 
0.040 
0.040 


NICKEL STEEIS 


MANGANESE 


RANGE 


PHOSPHORUS 


MAX. 


0.040 
0.040 
0.040 
0.040 
0.040 


NICKEL CHROMIUM STEELS 


PHOS 
PHORU 
MAX. 


0.040 
0.025 


S 


SULFUR 


MAX. 


0.040 
0.025 


MOLYBDENUM STEELS 


PHOS- 


PHORUS SULFUR 
MAX. 


MAX. 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


CHRO- 
MIUM 
RANGE 


0 

0.8 
0.40-0.60 
0.70-0.90 


CHROMIUM STEELS 


0.040 
0.040 
0.040 


0.040 


0.050 
0.050 
0.050 
0.050 
0.050 


NICKEL 
RANGE 


1.10-1.40 
325375 


NICKEL 
RANGE 


1.65-2.00 
1.65-2.00 
1.65-2.00 
1.65-2.00 
3125-379 
3.25-3.75 


SULFUR 
MAX. 


NICKEL 
RANGE 


3.25-3.75 
3.25-3.75 
3:25:35 
3.257975 
4.75-5.25 


CHROMIUM 


RANGE 


0.55-0.75 
1.40-1.75 


SILICON 


0.20-0.35 
0.20-0.35 


SILICON 


0.20-0.35 
0.20-0.35 
-0.35 
“oo 
2139 
149 
RC) 
B5 
135 


2 
2 
2 


Ce oc 


OOoOooooco 


0. 
0. 
0: 
0. 
0. 
0. 
0. 


Ssss 


MAX. 


0.040 
0.040 
0.040 
0.025 
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PHOSPHORUS SULFUR 


CHROMIUM 


MAX. 


0.040 
0.040 
0.040 
0.025 


RANGE 


0.70-0.90 
0.70-0.90 
0.70-0.90 
1.30-1.60 


SILICON 


(Continued on next page). 


CARBON MANGANESE PHOSPHORUS SULFUR CHROMIUM 
SAE AISI RANGE RANGE MAX. MAX. RANGE VANADIUM SILICON 
6118 6118 0.16-0.21 0.50-0.70 0.040 0.040 0.50-0.70 0.10-0.15  0.20-0 
: i E .50-0. . 10-0. .20-0.35 
6120 6120 0.17-0.22 0.70-0.90 0.040 0.040 0.70-0.90 0.10 min. 0.20-0.35 
6150 6150 0.48-0.53 0.70-0.90 0.040 0.040 0.80-1.10 0.15 min. 0.20-0.35 
NICKEL CHROMIUM MOLYBDENUM STEELS 
MANGA- PHOS” CHRO- MOLYB- 
CARBON NESE PHORUS SULFUR MIUM DENUM NICKEL 
SAE AISI RANGE RANGE MAX. MAX. RANGE RANGE RANGE SILICON 
8115 8115 0.13-0.18 0.70-0.90 0.040 0.040 0.30-0.50 0.08-0.15 0.20-0.40 0.20-0.35 
8615 8615 0.13-0.18 0.70-0.90 0.040 0.040 0.40-0.60 0.15-0.25 0.40-0.70 0.20-0.35 
8720 8720 0.18-0.23 0.70-0.90 0.040 0.040 0.40-0.60 0.20-0.30 0.40-0.70 0.20-0.35 
8822 8822 0.20-0.25 0.75-1.00 0.040 0.040 0.40-0.60 0.30-0.40 0.40-0.70 0.20-0.35 
SILICON MANGANESE STEELS 
MANGA- PHOS- CHRO- MOLYB- 
CARBON NESE PHORUS SULFUR SILICON NICKEL MIUM DENUM 
SAE AISI RANGE RANGE MAX. MAX. RANGE RANGE RANGE RANGE 
9260 9260 0.55-0.65 0.70-1.00 0.040 0.040 1.80-2.20 ---- ---- M 
9840 9840 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 0.85-1.15 0.70-0.90  0.20-0.30 
CHROMIUM NICKEL STEELS 
MANGANESE SILICON PHOS- CHROMIUM NICKEL MOLYB- 
SAE AIS! CARBON MAX. MAX. PHORUS SULFUR RANGE RANGE DENUM 
30304 304 0.08 max. 2.00 1.00 0.040 0.040 18.00 min. 8.00 min.  ---- 
30317 317 0.10 max. 2.00 1.00 0.040 max. 0.040 max. 16.00-18.00 10.00 min. 2.00 max. 
51410 410 0.15 max. 1.00 1.00  0.040max. 0.040 max. 11.50-13.50 0.60 max. 0.60 max. 


CHROMIUM VANADIUM STEELS 


Fig. 24-10. Typical SAE-AISI carbon steel composition numbers. 


Materials (A.S.T. M.) has standardized 
a code system for identifying and 
labeling steels. 

The American Iron and Steel Insti- 
tute (A.L S.L) has also prepared stand- 
ards for steels and steel alloys. In 
general their code system is identical 
with that of the S.A.E. code system. 


24-17. NONFERROUS METALS 


Nonferrous metals are metals not 
containing iron (ferrous) or which con- 
tain such minute quantities of iron, as 
an alloying element, that they are not 
considered ferrous metals. This group 


includes copper, brass, bronze, alumi- 
num, solder, stellite, lead, zinc, 
nickel, etc. 

These metals can be identified by 
various means, They have distinctive 
colors. They are nonmagnetic (or have 
very weak magnetic attraction). They 
are usually soft metals. Very few of 
the nonferrous metals will spark when 
touched to the grinding wheel, 

CAUTION - Grinding of nonferrous 
metals is not recommended except for 
the extremely short intervals of time 
required for spark testing. The oxides 
of the nonferrous metals are toxic and 
therefore the operator must wear an air 
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filtering breathing apparatus and pro- 
tective clothing. The grinder must be 
equipped with an adequate exhaust 
system. 


24-18. COPPER 


Copper is a chemical element of the 
metal family which has many uses be- 
cause of its electrical conductivity and 
its ability to resist corrosion, Most 
copper has a reddishbrowncolor, Cop- 
per melts at a temperature of approxi- 
mately 1,980 deg. F. which is higher 
than the melting temperature of silver 
and somewhat lower than the melting 
temperature of cast iron, as shown in 
Fig. 24-11. Manufacturing processes 


MELTING TEMPERATURES 


METAL 
er. 9c. 

Aluminum 12V 659 
Armco iron 2795 1535 
"idis go Et 1562-1832 850-1000 
Brass 90 Cu 10 Zn 1868-1886 1020-1030 
Brass 70 Cu 30 Zn 1652-1724 900-940 
Copper 1981 1083 
Iron 2786 1530 

L ead 621 327 
Mild Steel 2462-2786 1350-1530 
Nickel 2646 1452 
Silver 1761 960 
Tin 450 232 
Zinc 786 419 


Fig. 24-11. Melting temperatures of some common metals. 


are such that commercial copper usual- 
ly contains sulphur, phosphorus, and 
silicon as its impurities. Each ofthese 
. impurities has a tendency to make the 
copper more brittle and to reduce its 
weldability. However, a very small 
amount of phosphorus in copper is an 
aid to the welding of the metal, because 
of the dissolving property that the 
phosphorus has for copper oxides, per- 
mitting it to act as a flux. 


The only copper recommended for 
fusion purposes is deoxidized copper. 
This copper has had a very small 
amount of silicon added to it, which 
has the property of dissolving what- 
ever cupric oxides are present in the 
metal. Enough silicon is added to the 
copper during its manufacture so that 
an excess is left in the copper after 
the deoxidizing action takes place. If 
this amount is too much, as mentioned 
previously, the copper tends to become 
brittle. 

Another feature of copper, which is 
typical of practically all nonferrous 
metals, is its behavior called "hot 
shortness." As copper is heated to its 
melting temperature, the copper be- 
comes very weak at a certain temper- 
ature even though it is still a solid 
and the slightest shock or weight will 
tend to distort the metal unless it is 
very firmly supported and firmly 
clamped to prevent distortion while the 
metal is passing through this tempera- 
ture. The approximate point at which 
this hot shortness will occur may be 
determined by the welder by the color 
of the metal as it is heated. When the 
color of the metal becomes a medium 
cherry red the metal is at the hot 
shortness temperature. 


24-19. BRASS 


Brass is an alloy of copper and zinc, 
although small amounts of other metals 
are frequently added. The amount of 
the zinc in the alloy may vary from 10 
to 40 percent. A very common alloy of 
copper and zinc to form brass is 70 
percent copper and 30 percent zinc. 
This metal is used principally because 
of its acid resistance qualities, its 
appearance, and because it is a good 
brazing alloy. There are two common 
types of brass: one type is called ma- 
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chine brass, which contain 32 to 40 
percent zinc, and red brass whichcon- 
tains from 15 to 25 percent zinc. Some 
metals which are added to improve the 
physical properties of brass thus mak- 
ing it a triple alloy are tin, manganese, 
iron, and lead. 

Brass may be identified by its color 
which is an opaque yellow, 


24-20. BRONZE 


Bronze is an alloy of copper and tin, 
A common ratio is 90 percent copper 
and 10 percent tin. Bronze is more 
coppery in color than brass, It be- 
haves much like brass when being 
welded. Generally speaking, one uses 
the same filler rod and the same flux 
for both, 

Like brass, bronze is highly re- 
sistant to corrosion, Because of its 
attractive appearance, it is often used 
for decorative parts and objects. 


24-21. ALUMINUM 


Aluminum is an element of the metal 
family known for its electrical con- 
ductivity, heat conductivity, resistance 
to corrosion, and light weight. It is 
obtainable either in rolled (wrought) or 
cast form, and may be combined with 
many other metals to form alloys. In 
its pure form, the metal has a white 
color, and is very ductile in the rolled 
aluminum sheet form, Cast aluminum 
is very brittle. The strength of the 
pure metal is considerably less than 
that of steel. Its melting temperature 
is approximately 1,220 deg. F. This 
metal also has a critical point called 
"hot shortness" and for that reason, 
must be carefully supported when being 
welded, An element which may be added 
to aluminum to decrease its "hot short- 
ness" is silicon. 


Aluminum sheet metal may be ob- 
tained in several qualities and grades. 
The purest commercial aluminum con- 
tains 99-1/2 percent aluminum, while 
the more popular commercial grades 
contain 99 percent aluminum, Two 
metals which are added to aluminum 
to increase its desirable physicalquali- 
ties are manganese and magnesium. 
Amounts of these are relatively small, 
varying from 1 to 5 percent. Special 
alloys of aluminum, are becoming very 
popular for aircraft work, These alloys 
are noted for their hightensile strength, 
but they are usually very difficult to 
weld satisfactorily. Any mechanical 
working of the metals tends toincrease 
their brittleness. 

Due to the activity of the metal, 
aluminum oxidizes very readily upon 
being heated. Aluminum oxide melts at 
about 5,000 deg. F., and therefore 
chemicals must be used to dissolve the 
oxide, The oxide is more dense than the 
molten metal and settles into a puddle, 
causing a porous weld, Therefore, 
special fluxes must be used at all times 
during the welding process unless an 
inert gas process is used, 

Another feature of aluminum which 
adds to the difficulty of welding is that 
it does not change in color before it 
reaches the melting temperature. In 
other words, the metal upon being 
heated maintains the same color, but 
when reaching the melting point, it 
suddenly collapses, The operator can 
determine the melting temperature of 
the metal, when welding aluminum, by 
using the filler rod and scratching the 
surface to reveal any softening. If one 
uses a blue, cobalt welding goggle lens 
when gas welding, the weld can be 
much better observed and a slight 
change in color can be noted as the 
melting point is reached, 

Aluminum may be identified by its 
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DUCTILE IRON TENSILE STRENGTH YIELD STRENGTH 


LY: Bie PSI 


*60-45-10 60,000 to 80,000 


80-60-03 80,000 to 100,000 
100-70-03 100,000 to 120,000 
120-90-02 120,000 to 150,000 


xHeat Resistant 60,000 to 100,000 


* This number is decoded as follows: 


ELONGA- HARDNESS 

PSI TION % BRINELL 
45,000 to 60,000 10 to 25 140 to 200 
60,000 to 75,000 3 to 10 200 to 275 
70,000 to 90,000 3 to 10 240 to 300 
90,000 to 125,000 210 7 270 to 350 
45,000 to 75,000 0 to 20 140 to 300 


60 means 60,000 psi tensile strength, 45,000 psi, yield strength, and 10% elongation. 


Fig. 24-12. Properties for five types of nodular cast iron. 


silvery white color when fractured, 
and by a comparison of weights with 
other metals, Aluminum is about one 
third the weight of iron for a given 
volume. 

Another test for aluminum is to 
burn some chips of the metal, Alumi- 
num will burn to a black ash. 

Magnesium may be mistaken for 
aluminum, However, magnesium chips 
when heated will actually ignite and will 
form a white ash, Caution must be 
taken when igniting magnesium chips 
so that only a small quantity of the 
chips are ignited, since magnesium 
chips, also powder, burn violently. 


24-22. HARD SURFACING METALS 


Research has succeeded in producing 
alloys of metals having the property of 
extreme hardness, There are several 
different types: 

1. Ferrous metal with up to 20 per- 
cent alloying elements suchas chromi- 
um, tungsten and manganese. 

2. Ferrous metal with over 20 per- 
cent alloying elements suchas chromi- 
um, tungsten and manganese. (Some 
cobalt and nickel is sometimes added.) 

3. Nonferrous metal with alloying 
elements such as cobalt, chromium 
and tungsten. 

4. Tungsten carbide (fused), with 
some other alloying elements. 

5, Granules of Tungsten carbide, 

See CHAPTER 20 for information on 


metal surfacing. 

These metals are difficult to identi- 
fy. It is best to keep them in their 
identifying packages. Fig. 24-8, shows 
the characteristic spark of Stellite and 
for Cemented Tungsten Carbide, two 
hard surfacing materials. 

These metals range from extremely 
hard to very tough. Their best appli- 
cation, therefore, is as a thin coating 
on metal of a more ductile nature. 
This combination produces a long wear- 
ing surface and also one of great 
strength. 


24-23. SOFT SURFACING METALS 


The soft surfacing metals are usually 
the nonferrous metals. These may be 
identified by the methods described 
earlier in this chapter, 

The properties of the deposited sur- 
face metal depend upon the surfacing 
metal and the method used to apply 
the metal to the surface of the parent 
metal, Surfacing metals can be applied 
by: 

1. Dipping. 

2. Electroplating. 

3. Spraying. 

4, Brazing or soldering. 


24-24, DUCTILE IRON 


Ductile iron is a patented type of 
cast iron, Thiscastironis not as brittle 
as gray or white cast iron due to the 
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manner in which the carbon (graphite) 
forms itself within the iron. The 
graphite in gray cast iron normally 
forms in long lines or in flakes, caus- 
ing the metal to be weaker, more brittle, 
and therefore not ductile. The graphite 
in ductile iron forms into nodules or 
spheroids (tiny balls). This makes the 
iron more ductile and stronger. 

Ductile iron because of the shape of 
the graphite is also known as "nodular" 
or "spheroidal" iron, Ductile iron may 
be distinguished from gray cast iron 
by the nodular shape of the graphite 
under a microscope. Fig. 24-12, shows 
the physical properties of five types of 
nodular cast iron, 


24-25. NEW METALS 


Many formerly rare and/or little 
used metals have recently beenusedas 
alloying elements to improve the prop- 
erties of the more common metals, A 
few of these newer metals are: 
(1) columbium, (2) titanium, (3) lithium, 
(4) barium, (5) zirconium, (6) tantalum, 
(7) beryllium, (8) nobelium, (9) plu- 
tonium, (10) aluminum, 

The manufacture and use of these 
new metals is increasing at a very 
rapid rate, Aluminum and titanium have 
been gaining in their practical use as 
metals for manufactured products. 
Welding engineers are also developing 
and improving methods to weld and 
braze these metals. See CHAPTER 18 
for instructions on the welding of the 
newer metals, 


24-26. TITANIUM 


Titanium is rapidly becoming an 
important structural metal, Its use has 
rapidly increased since 1949, It is the 
fourth most abundant metal exceeded 
only by aluminum, iron and magnesium, 


The commercially pure titanium melts 
at about 3,140 deg. F. Many of the alloys 
are weldable under certain conditions, 
This metal has good weight to strength 
ratio, high temperature properties, and 
it is very corrosion resistant. The 
aircraft, chemical, and transportation 
industries are especially interested in 
its uses, It is about 67 percent heavier 
than aluminum, and about 40 percent 
lighter than stainless steels. It retains 
its strength very well upto 1000 deg. F. 

Titanium-carbon alloys are finding 
wide acceptance. The carbon content 
varies from .015 to 1.1 percent, The 
titanium-carbon alloys become more 
brittle as the carbon content increases, 
but they also become more corrosion 
resistant, The maximum tensile 
strength is reached at about .4 percent 
carbon and is approximately 112,000 
psi (pounds per square inch). However, 
.04 percent carbon alloy has a strength 
of 92,000 psi. 

Titanium alloys using tungsten and 
carbon have a tensile strength of about 
130,000 psi. In combination with alu- 
minum it has a tensile strength of 
about 114,000 psi. 

Chromium-nickel 195,000 psi 

Chromium-molybdenum 175,000 psi 

Chromium-tungsten 150,000 psi 

Manganese-aluminum 160,000 psi 

Titanium-manganese alloys such as 
8 percent manganese are popular in 
aircraft structure. Some other alloys 
consist of 3 percent aluminum and 1/2 
percent of manganese; 6 percent alu- 
minum and 4 percent vanadium; and 
5 percent aluminum and 2-1/2 percent 
tin. 

Titanium is weldable by either the 
gas tungsten arc process (TIG), or re- 
sistance welding. The gas tungsten arc 
process usually uses argon gas with a 
direct current straight polarity ma- 
chine. For example, 1/16 in, thickness 
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metal needs about 125 amperes at 14 
volts using a 3/32 diameter electrode 
and about 22 cubic feet per hour of ar- 
‘gon, The gas metal arc process (MIG) 
has been used, with a 40V direct cur- 
rent, reverse polarity, and with helium, 
or argon gas or mixtures of the two. 

Commercially pure titanium has been 
successfully resistance welded. The 
timing of the event must be carefully 
controlled such as a pulse time of 2 
cycles, weld time of 1 cycle, squeeze 
time of 25 cycles, and hold time of 60 
cycles. Each cycle means 1/60 of a 
second, The resistance electrodes are 
usually cooled by refrigeration. 

For good results, titanium and its 
alloys should be postheated, This heat 
treatment improves the weld ductility. 


24-27. LITHIUM 


The welding industry has also become 
very much interested in lithium, When 
this metal is alloyed with some other 
brazing metal, the brazing can usually 
be performed without flux, For exam- 
ple, titanium has been successfully 
brazed in an inert atmosphere using 
an alloy of about 98 percent silver and 
2 percent lithium. Lithium has a melt- 
ing temperature of 367 deg. F. 


24-28. ZIRCONIUM 


Zirconium is a rare metal which is 
found in nature combined with silicon 
as zirconium silicate (Zr Si O4) com- 
monly known as the semiprecious jewel 
zircon, Zirconium oxide melts at 2700 

deg. C and is used as linings for high 
temperature furnaces. 

This metal oxidizes easily. Its 
strength is affected by oxygen, nitrogen 
and hydrogen with which it may com- 
bine. Zirconium is used as an alloying 
element in alloy steels. 


Zircalbys are a family of zirconium 
alloys containing about 1-1/2 percent 
tin, nickel, chromium and up to 1/2 per- 
cent iron. These alloys have improved 
corrosionresistance andhigher 
strength than unalloyed zirconium, 

Because zirconium readily unites 
with oxygen and nitrogen when heated 
it is welded best in an inert gas filled 
chamber. The shielding gases normally 
used are argon or helium. 


24-29. BERYLLIUM 


Beryllium is a rare metal which is 
expensive to produce, but is becoming 
increasingly available to industry. Be- 
rylium is a light metal with a density 
(1.845 g/cc) slightly higher than the 
density of magnesium, It is often used 
as an alloying element with other 
metals. 

It has been used as an alloying ele- 
ment in copper and nickel to increase 
elasticity and strength characteristics. 

Berylium has a high thermal and 
electrical conductivity and a high heat 
absorption rate. Because ofthese qual- 
ities it is difficult to weld. 

Some beryllium copper alloys are 
very strong and are used to replace 
forged steel tools in places when an 
explosive atmosphere may be present 
since these alloys are non-sparking. 

Beryllium has been welded by the 
inert-gas,resistance,ultrasonic, 
electron-beam, and diffusion welding 
processes, Brazing and soldering 
methods of joining have also been used. 

Beryllium is used with magnesium 
to reduce its tendency to burn during 
melting and casting. 

This metal andits compounds are re- 
ported to have dangerously poisonous 
properties and special precautions 
must be taken when working with the 
metal and alloys which use this metal. 
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24-30. TEST YOUR KNOWLEDGE 


.1. How do properties of steel change 
as carbon content increases? 
2. What is the highest carbon content 
of steel? 
3. May cast iron be heat treated? 
4. What are the different forms of 
cast iron? 
5. What is the difference between the 
various forms of cast iron? 
6. What is meant by an alloy steel? 
7. What properties do alloys give to 
steel? 
8. What is meant by a low-carbon- 
alloy steel? 
9. What characteristic does tungsten 
steel have? 
10. What is stainless steel? 
11. Describe the term "hot short- 
ness." 
12. Name some methods of identify- 
ing metals. 


13. What is meant by the blowpipe 
test? 

14. What is meant by thecriticaltem- 
perature of a metal? 

15. What is meant by the fracture 
test? 

16. Is there a difference inthe appear- 
ance of copper, bronze, and brass? 

17. What is the carbon range of steel 
that responds to heat treatment? 

18. What is the tensile strength of 
25 point carbon cold roll steel? 

19. What is the spark test? 

20. What is the explanation ofthe var- 
iation in sparks? 

21. What method is used to secure 
accurate analysis of a metal? 

22. What is the carbon content of a 
medium carbon steel? 

23, Explain the eutectic condition, 

24. Does the metal have to melt to 
have a critical point? 

25. What do the initials A.S.T.M. 
represent? 
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Chapter 25 


HEAT TREATMENT 
OF METALS 


The welder should be particularly 
interested in heat treatment of metals, 
because he must know what welding does 
to the heat treatment of the metal and 
the effect on the physical properties 
of the metal. It is necessary to know 
if a metal must be preheated for weld- 
ing, and if the metal should be heated 
during the welding operation. It is 
necessary to know too, what heat treat- 
ing procedure to use, to bring back as 
nearly as possible, the original prop- 
erties of the metal (postheat treatment). 
The most common applications of heat 
treating in a welding shop are annealing 
to relieve the metal of internalstresses 
and strains, caused by the expansion 
and contraction during welding; and to 
improve the properties of the metal in 
the weld, Most structural welding in- 
volves only the knowledge of how a metal 
may be annealed. In large shops and 
in manufacturing plants; the preheating 
required, the concurrent heating, and 
the postheat treating of a metal area 
part of the procedure determined by the 
engineering office. 

It is in job welding, involving the 
repair of broken parts, that an exten- 
sive and accurate knowledge of all 
phases of heat treating by the welding 
operator is most needed. 


25-1. THE PURPOSES OF 
HEAT TREATMENT 


All metals can be heat treated. Some 
metals are affected very little, but 
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some, particularly most steels, are 
greatly affected. Heat treating may 
serve the following purposes: 

1. Develop ductility. 

2. Improve machining qualities, 

3. Relieve stresses. 

4. Change grain size. 

5. Increase hardnessortensile 
strength. 

6, Change chemical composition of 
metal surface as in casehardening. 

7. Alter magnetic properties. 

8. Modify electricalconduction prop- 
erties. 

9. Induce toughness. 

10. Recrystallize metal which has 
been cold worked, 

When heat treating there are three 
factors of great importance: 

1. The temperature to which the 
metal is heated. 

2. The length of time that the metal 
is held at that temperature and the 
speed of cooling (a time factor). 

3. The material surrounding the met- 
al when it is heated, as in caseharden- 
ing. 

When a weld is made, the metal in 
and around the weld joint is heated to 
a variety of temperatures as the dis- 
tance from the weld joint increases. 
This drop in the metal temperature 
from the weld joint outward is called 
a temperature gradient, In steels some 
of the metal in the area of the weld is 
heated through only one critical point, 
some two, and some may be heated to 
only 500 deg. F. as shown in Fig. 25-1. 


Modern Welding 


Because of the uneven heating, the 
strength, ductility, grain size and other 
metal properties may vary greatly and 
may affect the strength of the metal 
in the weld area. 

The welding operator may use pre- 
heating, concurrent (continuous) heat- 
ing and/or postheating to avoid tem- 
perature gradients in the weld area. 
Heating the metal before welding will 
help to prevent internal stresses and 
strains which may cause weld failure. 
The welder may use continuous heat- 
ing for the same purpose, and may use 
postheating to relieve stresses and 
bring all the metal in the area of the 
weld to the same heat treat condition. 


25-2. METHODS OF HEATING 


Heating metals is a complex opera- 
tion. All metals expand when heated 
and rather drastic changes in volume 
take place as metals are heated above 
their critical temperatures, or, are 
cooled below their critical temper- 
atures where acrystalline structure 
change takes place. 

Unequal heating or cooling may cause 
cracks, or at least, a warping of the 
structure. However, this action is not 
always a disadvantage, as warped 
articles can be straightened using this 
technique. 

Local heating can be done by using 
a flame such as: 

1, Air-fuel gas. 

2. Oxy-fuel gas. 

Or, it can be done by: 

1. Electrical resistance heating. 

2. Induction heating. 

3. Localized furnaces (usually spe- 
cially built around that part of an object 
to be heated). 

Electrical resistance heating is done 
by either putting electrical resistance 
units against the parts to be heated as 
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Fig. 25-1. Temperature zones in weld area. 


HOW CHROMALOX TUBULAR PREHEAT UNITS 
ARE INSTALLED AND OPERATED 


rM 


FIRST, HEADLESS BOLTS ARE TACK-WELDED TO 
THE METAL ALONG THE WELD LINE 


eee, 


SECOND, THE PREHEATERS ARE SLIPPED OVER 
THE BOLTS AND DRAWN UP TIGHT 
TO THE METAL 


PREHEATERS ARE LEFT ON 
WHILE THE WELD IS BEING MADE 
AND FOR SOME TIME AFTERWARDS. 


CURVED PREHEATERS ARE ALSO 
AVAILABLE FOR USE AROUND 
CIRCULAR WELDS SUCH AS FLANGE 
PLATES, PATCHES, ETC, 


Fig. 25-2. An electrical resistance heater. 
(Edwin L. Wiergand Co.) 


shown in Fig. 25-2, or by using electric 
resistance units to heat a furnace. 

Induction heating is a means ofheat- 
ing using high frequency alternating 
current to create eddy currents in the 
metal. This method heats a metal 
throughout its thickness, 

General heating is usually done in a 
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furnace. The furnace canbe heated with 
direct heat or indirect heat. The fur- 
nace may be heated by air-fuel gas, 
by electrical induction or electrical 
resistance units. 


25-3. METHODS OF COOLING 


The speed and evenness of cooling 
a metal object determines to a great 
extent the physical properties of the 
metal. 

Welds performed on steels at room 
temperature cool quickly, and because 
the cooling takes place from the molten 
condition, the crystals are large. 

Cooling may be accomplishedin var- 
ious ways. The heat loss is a combin- 
ation of: 

1. Convection. 

2. Conduction. 

3. Radiation. 

Cooling in a gas is mainly convection 
and radiation. Cooling in a liquid is 
mainly convection and conduction. The 
cooling can only be done to approxi- 
mately the temperature of the cooling 
medium. The colder the cooling med- 
jum the faster the cooling will take 
place. Cooling in a gas (by convection) 
is the slowest. Cooling in a liquid is 
fastest. The liquid can be any desired 
temperature. For example: water at 
room temperature (70 deg. F.) or liquid 
nitrogen (-230 deg. F.) (cryogenics). 

The problem in heat treating is to 
cool the inside of the metal atthe same 
speed as the surface of the metal. 

Air is acommon gas cooling medium. 
Thermal convection cooling (still 
air) (static cooling). 

Forced convection cooling (fans). 

Water is a common liquid cooling 
medium, 

Submerging in a water tank. 
Spraying water on the metal to be 
cooled. 


Oil, molten low temperature metals, 
liquid air, liquid nitrogen are other 
cooling liquids. 

Either water cooled or refrigerant 
cooled fixtures are another means of 
cooling and controlling the cooling of 
metals, 


25-4. CHARACTERISTICS OF STEEL 


Steel may be obtained with various 
carbon contents and alloying metals. 
Fig. 25-3, shows the carbon content of 


ARTICLE CARBON CONTENT 
Axles .40 
Boiler Plate 312 
Boiler Tubes .10 
Castings, Low Carbon Steel Less Than .20 
Casehardening Steel .12 
Cold Chisels 9 
Files 1225 
Forgings .30 
Gears :95 
Hammers .65 
Lathe Tools 1.10 
Machinery Steel 9 
Metal Tools .95 
Nails .10 
Pipe, Steel .10 
Piano Wire .90 
Rails .60 
Rivets .05 
Set Screws .65 
Saws for Wood .80 
Saws for Steel 1.55 
Shaft .50 
Springs 1.00 
Steel for Stamping .90 
Tubing .08 
Wire, Soft .10 
Wood Cutting Tools 1.10 
Wood Screws .10 


Fig. 25-3. Steels and how the carbon content varies de- 
pending on the use of the steel. 


some common items made of steel, The 
family of steels starts withlow-carbon 
steel (almost wrought iron). As the car- 
bon content increases, the steel be- 
comes harder, stronger, and more 
brittle until approximately 1.75 percent 
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of combined carbon is reached, Thisis 
the maximum percent of carbon that 
will combine with iron to form steel. 

PAR. 24-2, describes the physical 
properties of steel. 


25-5. CRYSTALLINE STRUCTURE 
OF STEEL 


Practically all heat treatments deal 
with the crystalline structure of steel, 
or the grain size. They are also con- 
cerned with combinations of iron and 
carbon, and with the distribution of 
iron carbide in the metal, In 10 point 
earbon steel, which contains 1/10 of 
one percent carbon, all of the carbon 
is in chemical combination with iron, 
forming iron carbide, Fe3C. There is 
considerable free iron remaining, 
which in metallurgy is called ferrite. 
Steel containing a large amount of 
ferrite, cannot be hardened. The only 
heat treatment possible is to alter 
the grain structure and size. Heating 
a steel to the upper transformation 
range temperature (critical tempera- 
ture) does not greatly affect the steel 
because it is the status of the iron 
carbide chemical which determines the 
hardness. 

Fig. 25-4, shows a heat treatment 
chart, The iron carbide, mixed in var- 
ious proportions with ferrite, gives 
several combinations of hardness and 
brittleness, depending on various heat 
treatments, The hardness levels have 
been given names, In the order oftheir 
hardness the steels are listed as: 

1. Austenite, soft, ductile, tough, and 
wear resistant, 

2. Martensite, is the first stage of 
austenite decomposition and a brittle 
constituent, 

3. Troostite, not quite as hard as 
martensite, but is considerably 
tougher. This is the constituent of 
steel used in files. 


4. Sorbite, not as hard as troostite, 
but it is tougher. Because of its high 
yield point it is the structure of spring 
steels. 

5. Pearlite, the toughest structure 
and has the highest breaking strength. 

These various forms are obtained by 
the following steps: 

1. Heating. 3. Drawing. 

2. Quenching. 4. Tempering. 

Eighty-five point crystalline steel 
has the correct amount of carbon to 
form steel that has the lowest critical 
temperature. This is called the 
"eutectic point" as shown in Fig. 24-3, 
CHAPTER 24 (Iron Carbon Diagram). 
When properly heat treated, the whole 
structure of this steel becomes pearl- 
ite. Pearlite is a steel which under the 
microscope has alternate layers or 
rows of iron carbide andferrite. These 
beads look similar to a fingerprint 
printed with black ink on white paper, 
Fig. 25-5. This is the only steel that 
has just one critical temperature, 

The hardness or physical structure 
of a steel which has been heated above 
the upper transformation range tem- 
perature (critical temperature), as in 
welding, may be affected by controlling 
the rate of cooling. If the steel sample 
is heated to 1,250 deg. F., and is then 
quenched in cold brine, austenite is 
formed. If it is heated to 1,250 deg. F. 
and is quenched in cold water, mar- 
tensite is formed. By heating the steel 
to its critical temperature andquench- 
ing it in oil, tP@@stite 1s formed) T 
it is heated to 1,250 deg. F., and 
quenched in a molten metal bath, sor- 
bite and pearlite are formed, The above 
steps show that the rapidity of cooling 
affects the distribution and clustering 
of the iron carbide. Quenching, or the 
rate of cooling therefore, has much to 
do with the type of steel obtained. 

To obtain the results described in 
the preceding paragraphs in another 
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o TRANSFORMATION KEHEE In this range steels undergo internal atomic 
changes which radically affect the properties of the material. 


O owr TRENMCITUNALTISA, TEMPERATURE (A,). Termed Ac, on heating, Ar, 
on cooling. Below Ac, structure ordinarily consists of FERRITE and 
PEARLITE (see below). ‘On heating through Ac, these constituents begin 
to dissolve in each other to form AUSTENITE (see below) which is non- 
magnetic. This dissolving action continues on heating through the TRANS- 
FORMATION RANGE until the solid solution is complete at the upper 
transformation temperature. 


(3 TRANSFORMATION TEMPERATURE (A,]. Termed Ac, on heating, Ar, 
on cooling. Above this temperature the structure consists wholly of 
AUSTENITE which coarsens with increasing time and temperature. Upper 
transformation temperature is lowered as carbon increases to 0.85% 
(eutectoid point). 


= FERRITE is practically pure iron (in plain carbon steels) existing below 
the lower transformation temperature, It is magnetic and has very slight 
solid solubility for carbon. 


A^ PEARLITE is a mechanical mixture of FERRITE and CEMENTITE. 
v CEMENTITE Or IRON CARBIDE is a compound of iron and carbon, Fe,C 


» AUSTENITE is the non-magnetic form of iron and has the power to 
dissolve carbon and alloying elements. 


o ANNEALING, frequently referred to as FULL ANNEALING, consists of 
heating steels to slightly above Ac;, holding for AUSTENITE to form, then 
slowly cooling in order to produce small grain size, softness, good ductil- 
ity and other desirable properties. On cooling slowly the AUSTENITE 
transforms to FERRITE and PEARLITE. 


NORMALIZING consists of heating steels to slightly above Aca, holding 
for AUSTENITE to form, then followed by cooling (in still air). On cool- 
ing, AUSTENITE transforms giving somewhat higher strength and hard- 
ness and slightly less ductility than in annealing. 


© FNE EAE extends to several hundred degrees above the UPPER 
TRANSFORMATION TEMPERATURE. 


o [EEE RANGE is above the FORGING RANGE. Burned steel is ruined 
and cannot be cured except by remelting. 


[4] STRESS EMILE consists of heating to a point below the LOWER 
TRANSFORMATION TEMPERATURE, A,, holding for a sufficiently long 
period to relieve locked-up stresses, then slowly cooling. This process is 
sometimes called PROCESS ANNEALING. 


BLUE BRITTLE MAME occurs approximately from 300° to 700°F. Peening 
or working of steels should not be done between these temperatures, 
since they are more brittle in this range than above or below it. 


FENESIIEE FOR WELDING is carried out to prevent crack formation. See 
TEMPIL? PREHEATING CHART for recommended temperature for various 
steels and non-ferrous metals. 


(11) LAEE consists of dissolving carbon into surface of steel by heat- 
ing to above transformation range in presence of carburizing compounds. 


© NITRIDING consists of heating certain special steels to about 1000°F 
for long periods in the presence of ammonia gas. Nitrogen is absorbed 
into the surface to produce extremely hard “skins” 


SPHEROIDIZING consists of heating to just below the lower transforma- 
tion temperature, A,, fora sufficient length of time to put the CEMENTITE 
constituent of PEARLITE into globular form. This produces softness and 
in many cases good machinability. 


ad MARTENSITE is the hardest of the transformation products of AUSTEN- 
ITE and is formed only on cooling below a certain temperature known as 
the M, temperature (about 400° to 600°F for carbon steels). Cooling to 
this temperature must be sufficiently rapid to prevent AUSTENITE from 
transforming to softer constituents at higher temperatures 


o EUTECTOID STEEL contains approximately 0.857% carbon. 


[ DT occurs in many alloy steels and is a defect characterized by 
localized micro-cracking and "flake-like" fracturing. It is usually attrib- 
uted to hydrogen bursts. Cure consists of cycle cooling to at least 600*F 
before air-cooling. 


e OPEN OR MIMMIWR STEEL has not been completely deoxidized and the 
ingot solidifies with a sound surface ("rim") and a core portion contain- 
ing blowholes which are welded in subsequent hot rolling. 


e KILLED STEEL has been deoxidized at least sufficiently to solidify with- 
out appreciable gas evolution. 


6 SEMI-KILLED STEEL has been partially deoxidized to reduce solidification 
shrinkage in the ingot. 


+ M SIMPLE RULE: Brinell Hardness divided by two, times 1000, equals 
approximate Tensile Strength in pounds per square inch. (200 Brinell 
—— 2 X 1000 — approx. 100,000 Tensile Strength, psi.) 


of 0 to 90 point carbon steel. This shows change in color of the steel as 
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Fig. 25-5. Photomicrograph of high carbon steel with pearlite grain structure. This is magnified 1000 diameters. 


manner, proceed as follows: Heat the 
eighty-five point carbon steel to 1,250 
deg. F., then by quenching incoldbrine, 
austenite is formed. If martensitic steel 
is desired reheat the sample to 400 deg. 
F. and cool again. If troostite is de- 
sired, reheat the sample to 600 deg. F. 
and cool. If sorbite is desired, reheat 
to 800 deg. F. and cool. When the metal 
is reheated to 1000 deg. F. and cooled, 
pearlite is formed. The temperatures 
to which these various forms of steel 
are heated overlap so that in many 
cases, one may have a steel which is 
part sorbite and part troostite, or 
part sorbite and part pearlite. 

These temperatures must be held 
constant (t 25 deg. F.) and the article 
must be left in the furnace at this 
temperature until the article is this 
temperature throughout its thickness. 


25-6. ANNEALING STEEL 


The term annealing is a common 
term in heat treating, and includes sev- 
eral types of heat treating operations. 
Generally speaking, annealing is con- 
sidered to be that type of heat treat- 
ment which refines the grain andleaves 
the metal in a soft condition. An anneal- 
ing operation may be performed for 
several reasons: 

1. So the metal may be worked cold. 


2. To make the steel machinable. 

3. To relieve the internal stresses 
and strains produced while the metal 
was being shaped or welded. 

When performing field welds, prac- 
tical ways to preheat and anneal metal 
are with the oxyacetylene torch, or by 
induction heating. In induction heating, 
electrical coils are wrapped aroundthe 
part and high frequency AC electricity 
passed through, as illustrated in Fig. 
25-6. The changing magnetic fields, 


MAGNETIC 
FIELD 
AROUND 
CONDUCTOR 


WATER OUT 


WATER IN 


HIGH FREQUENCY 
ELECTRICAL CONNECTIONS 


Fig. 25-6. An induction heating coil. 


as these fields pass through the metal, 
heat the metal by the magnetic eddy 
currents formed, In the case of steels, 
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Fig. 25-7. Annealing and preheating weld joint on 
a larger storage tank with resistance heating coils. 


(J. B. Nottingham and Co.) 


heat is also produced by magnetic 
hysteresis, Fig. 25-7, shows a large 
storage tank being annealed and pre- 
heated with resistance heating coils, 
The temperature is controlled by the 
amount of current flowing. 

The general procedure for fully an- 
nealing most steels is as follows: 

1. Heat the steel slightly above the 
critical temperature, Fig. 24-3. (Iron 
carbon diagram.) 

2. Cool the steel as slowly as 
possible. 

If the grain size is of noimportance, 
you do not have to be careful of the 


limit and ductility of the metal de- 
creases, 

Steel, upon being heated to the crit- 
ical temperature, changes its crystal- 


line structure and reaches its most 


refined grain condition at its lowest 
critical temperature. However, if the 
steel is heated above this temperature, 
the grain size starts to grow; and be- 
comes larger asthe temperature rises. 
The steel upon being cooled, will re- 
tain the size of the maximum cyrs- 
talline structure reached. Thecrystals 
will continue to grow if the article is 
kept at the maximum temperature, or 


NO. OF GRAINS ELASTIC LIMIT REDUCTION OF 
PER LINEAR INCH TONS PSI AREA, PERCENT 
210 44.0 20.0 
222 44.5 22.0 
322 47.0 35.0 


Fig. 25-8. Effects of grain size on elastic limit and ductility. 


exact temperature to which the steelis 
being heated. As seen in Fig. 25-8, as 
the grain size increases, the elastic 


if kept above its critical temperature 
until a maximum size isreached. 
Therefore, the speed of welding and the 
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rapidity of cooling has some effect on 
crystal size. This is particularly im- 
portant in welding because both the weld 
metal and the metal adjacent to the 
weld are heated considerably above the 
critical temperature. 

Upon cooling a weld, regardless of 
the speed of cooling, the crystalline 
structure in the weld, and in the steel 
adjacent to the weld will be large and 
the physical properties of the metal will 
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above the critical temperature of the 
metal and then allow it to cool slowly. 

Peening affects the grain size only 
in the area worked; usually at the sur- 
face. Therefore, the latter method (2) 
is preferred. Industries with the facil- 
ities for doing so put the whole steel 
structure, which has been welded, inan 
annealing furnace; thus the whole struc- 
ture is annealed instead ofjustthe weld 
and the parts adjacent to it. Fig. 25-9, 
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Fig. 25-9. Influence of heat on grain structure of steel. The dash lines indicate change in grain 
size as the metal is heated. The solid lines indicate the change in grain size as themetal is cooled 
to the room temperature. 


be reduced. Two methods may be used 
to remedy this condition: 

1. Pound the metal with a hammer 
as it is cooling (peening). The peening 
will refine the grain structure. 

2. Allow the metal to cool to room 
temperature; reheat to just slightly 


shows how the grain size can be con- 
trolled by the temperature to whichthe 
metal is heated, The grain size is shown 
by the spacing between the solid lines 
on the figure. 

Commerical annealing (partial 
annealing) may be done at a temperature 
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between 1100 and 1200 deg. F. This 
process is used mainly to relieve in- 
ternal stresses. 


25-7. HARDENING STEEL 


Steels of less than 50 point carbon 
content cannot be successfully hardened 
by heat treatment. Steels above 170 
point carbon content are also difficult 
to harden by heat treatment. Within 
these extremes it is possible to obtain 
almost any degree of hardness by using 
the proper carbon content and the 
proper heat treatment. It is also com- 


cooling determines to a great extent 
the hardness and brittleness of the met- 
al. Cold brines, cold water, air, and 
molten metal baths, are used as med- 
iums for cooling metal rapidly. The 
water cooling and the brine cooling 
result in extreme brittleness along with 
hardness. Air cooling and molten- 
metal-bath cooling tends to relieve 
much of the brittleness, but at a sac- 
rifice of some hardness. The hardness 
of the metal seems to depend on the 
distribution and structure of the iron 
carbide throughout the steel. When 
cooled rapidly, there is little oppor- 


TEMPERATURE °F. 


CRITICAL TEMPERATURE 
FOR HARDENING AND 


PERCENT CARBON 


FULL ANNEALING 


.10 1675-1760 
.20 1625-1700 
.30 1560—1650 
.40 1500—1600 
290 1450-1560 
.60 1440-1520 
.70 1400—1490 
.80 1370-1450 
.90 1350-1440 
1.00 1350-1440 
1.10 1350-1440 
1730 1350—1440 
eee) 1350-1440 
1.70 1350-1440 
1.90 1350—1440 
2.00 1350-1440 
3.00 1350-1440 
4.00 1350—1440 


COMMERCIAL ANNEALING 


1020° F. 
to 
120095 5. 


Fig. 25-10. Critical temperatures for various carbon steels. 


mon practice to obtain a refinement of 
the grain structure along withthe hard- 


ness, 


Generally speaking, to hardena steel 


Specimen in this range of carbon con- 
tent, the steel is heated just above its 
critical temperature and then cooled 
rapidly. The critical temperatures for 
steel with various carbon contents are 
shown in Fig. 25-10, As mentioned ina 
previous paragraph, the rapidity of 


tunity for the iron carbide to separate 
or segregate, but as the rate of cooling 
is slowed, the carbides have time to 
separate and the metal becomes pro- 
gressively softer. 


25-8. TEMPERING STEEL 
(DRAWING) 


As mentioned previously, quenching a 
steel sample in a molten-metal bath 
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An induction furnace in use. (Ajax Magnethermic Corp.) 
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will produce a hard metal without too 
much brittleness, However, a more 
effective method is a method called 
"drawing the hardness." By reheating 
the steel sample to a temperature be- 
tween 400 and 1,000 deg. F. after the 
hardening operation, much of the brit- 
tleness in the steel may be relieved: 
most of the internal stresses and 
strains are also relieved. Reheating 
the metal to 600 deg. F. (blue color 
on the steel surface) is probably the 
most common drawing or tempering 
operation. 


25-9. TEMPERING A COLD CHISEL 


A common tempering operation ina 
school shop is to heat treat a cold 
chisel. Most cold chisels are made of 
approximately 80 point carbon steel 
and must have the following proper- 
ties: 

1. Cutting edge must be extremely 
hard. 

2. Metal just back of the cutting 
edge must be hard and tough, not brittle. 

3. Body of the chisel andthe adjacent, 
or hammering end, must be soft and 
ductile. To obtain these various prop- 
erties from the same carbon content 
steel, one must heat treat it as follows: 

1, Heat the cold chisel slowly to 

just above its critical tempera- 
ture (1350 deg. F., cherry red). 
Allow enough time for the body 
of the chisel to assume this 
temperature throughout its 
thickness; then quench about 
one inch of the cutting edge end 
of the chisel in cold water. 

3. Wait until the end in the water 
turns dark; then withdraw the 
chisel quickly from the water 
while the other end is still 
cherry red, 

4. Heat from the cherry red end 
will travel to the chilled cutting 


N 
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edge, reheating it slowly. With 
a small pad faced with emery 
cloth, polish the flat surfaces 
near the cutting end of the 
chisel. Be careful of burns. 

Now watch the polished surface care- 
fully. As the heat from the shank of the 
chisel travels into this part, the 
polished surface will gradually change 
color. It will first become yellow, then 
brown, When the surface starts to turn 
purple, because of the oxidation of the 
metal as the temperature rises, this 
indicates the steel has been reheated 
to approximately 600 deg. F. Now 
quench the cutting edge in the water 
slowly. If the shank of the chisel has 
cooled below a cherry red color as it 
should have done, the complete chisel 
may be immersed in a bucket of cold 
water, 

If the timing is correct on the heat 
treatment, and if the original tempera- 
ture is not too high, the chisel will 
have a hard cutting edge, with a fairly 
hard and tough body and finally a soft 
ductile shank or hammer end. In case 
the original temperature was too high, 
the chisel will be brittle and willcrack 
easily because of the large crystalline 
structure. The cutting edge will be too 
hard and will chip off as it is being 
used. If the cutting edge was requenched 
before it should have been, the cutting 
edge will be hard and the edge will 
break. If the shank of the chisel is 
quenched too soon (before its color has 
become a dark red), the shank will be 
too hard and brittle and will crack when 
being used, A chisel with brittle quali- 
ties is an extremely dangerous tool 
because if it cracks or chips the flying 
particles of metal may inflict injuries. 


25-10. FLAME-HARDENING 


One of the outstanding modern con- 
tributions to industry has been the 
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development of the oxyacetylene flame- 
hardening process, whichis being wide- 
ly used today in many manufacturing 
operations. In many cases such as 
gears, shafting, connection rods, and 
the like, it is advisable to produce as 
hard a wearing surface as possible, 
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and yet maintain the internal portion of 
the structure in a ductile and tough 
condition. The hard surface provides 
long wear and maintains an exact con- 
tour while the tough interior insures 
that the part will withstand shocks 
without breaking. Previous to the de- 
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Fig. 25-11. Some popular flame-hardening applications. A. Manual flame-hardening 
allows concentration of heat at areas requiring maximum depth of hardness. B. Root 


and opposing faces of adjacent teeth ar 
spinning is employed for fine threads, 


e heated with contour tip. C. Progressive 


using water cooled nonquenching tip. 
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velopment of the flame-hardening pro- 
cess, complicated heat treatments had 
to be performed with temperatures 
under extremely accurate control, and 
with exact timing. Any change in the 
size or shape of a product requiring 
heat treatment necessitated a complete, 
new experimental setup to determine 
the proper heat treat conditions 
required. 

Flame-hardening has eliminated 
much of this experimentation. The 
article is heat treated and then drawn 
to produce a tough, ductile structure 
throughout, The surfaces tobe hardened 
are then put in a flame-hardening ma- 
chine. A multipie-tipped oxyacetylene 
| flame is passed over the surface to 
heat it quickly to a high temperature, 
Following the flame, a heavy stream of 
water is automatically fed to the sur- 
face, which quickly cools the entire 
surface, Fig. 25-11, The depth of the 
hardness can be accurately controlled 
by the temperature ofthe cooling agent. 
This method has proved to be a rapid 
and economical means of hardening 
that may be quickly adaptable to any 
type of structure. This application of 
the oxyacetylene flame is of realim- 
portance to the metal industry. 


25-11. CASEHARDENING 


Another solution to the problem of 
producing a metal article with a tough 
interior and a hard, accurate, hard- 
wearing surface is known as case- 
hardening. The fundamental plan of the 
process is to make the article out of 
low carbon steel, so any machining re- 
quired may be done easily. The surfaces 
to be hardened are then exposed to 
carbon while they are atahightemper- 
ature. The high temperature iron will 
absorb some of the carbon, increasing 
the carbon content of the surface which 


may then be hardened by the simple 
heat treating process. This method is 
called the spherodizing process. Typi- 
cal examples of this method are piston 
pins and camshafts in all types of 
engines, and many other articles, In 
case where it is not desirable to case- 
harden certain portions of the article 
exposed to the carbon at high temper- 
atures, these portions may first be 
copper plated. Generally speaking, the 
carbon will penetrate into the steel to 
a depth of 1/64 in. per hour. However, 
the depth will vary with the tempera- 
ture, kind of carbon used, and the steel 
to be casehardened, 

A cyanide bath may also be used to 
caseharden steel, but the danger from 
the toxic fumes makes its application 
limited. Thorough ventilation is im- 
perative when using cyanide salts re- 
quired in this process, 

To heat treat a casehardened object, 
the procedure is: Heat the steel to its 
critical temperature and quench, This 
produces aglass-hardexterior on parts 
which have been exposed to the carbon 
bath, This also produces a tough in- 
terior with a refined grain which is of 
low carbon content and which is there- 
fore strong and ductile, Then reheat to 
a temperature between 400 and 900 deg. 
F. to draw (temper) the surface. Fig. 
25-12, shows a photomacrograph of 
casehardened gear teeth, 


Fig. 25-12. A cross section of a casehardened steel 
gear tooth, showing ccsehardened surface (light). 
(General Motors Corp.) 
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Fig. 25-13. Thermoelectric temperature measuring in- 
strument. The electric probe draws minute quantities 
of heat energy from the surface to be measured. 
(Royco Instruments, Inc.) 


25-12. TEMPERATURE 
MEASUREMENTS 


Correct heat treatments can be ob- 
tained only if the temperature of the 
metal can be accurately measured. 

One of the more difficult measure- 
ments is to determine if the surface 
temperature is also the inner tempera- 
ture of the structure. 

Several ways used to measure high 
temperatures are: 

1. Optical pyrometers. 

2. Gas thermometers. 

3. Thermoelectric pyrometers, Fig. 
25-13. 

4. Resistance thermometers. 

5. Radiation pyrometers. 

6. Color change of the metal. 

7. Temperature indicating crayons, 
cones, pellets, and liquids. The use of 
a temperature indicating pelletis shown 
im Bug. 259104. 

One of the most important factors in 
tool and die welding is the proper pre- 
heating and postheating of the metal. 
The temperature to which the metal is 
heated is of vital importance as a few 
degrees too little or too much will 
prevent getting the proper results. 
Automatic furnaces with heat source 


Fig. 25-14. Temperature indicating pellets. The fact 
that the 2400 deg. F. pellet is melting, and the 2500 
deg. F. pellet is still solid, indicates a temperature 
between 2400 and 2500 deg. F. 
(Tempil 9Corp.) 


‘controls and thermocouple tempera- 


ture indicators are desirable. However, 
their expense makes them impractical 
for many small shops. An excellent 
solution to the problem for small shops 
is the use of temperature indicators 
such as crayons, pellets, orliquids. The 
operation of liquid temperature indi- 
cator is shown in Fig. 25-15. Fig. 
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Fig. 25-15. Liquid used to determine temperature is 
applied to surface of metal. After the liquid dries it 
will melt at the temperature marked on the bottle. 


Fig. 25-16. Temperature-indicating crayon which will 


melt at 300 deg. F. (Tempil ? Corp.) 


25-16, shows a 300 deg. F. crayon, 
Fig. 25-17, shows the crayon in use, 
These materials are obtainable to indi- 
cate a great variety of temperatures, 
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Fig. 25-17. Temperature-indicating crayon in use. The 
300 deg. F. crayon has just produced a mark (A) over 
metal surface of 300 deg. or more. Note that the 
crayon mark melted. Over the part of the metal cooler 
than. 300 deg. (B) the crayon mark was unaffected. 


They indicate temperatures in 12 1/2 
deg. F. steps, in the 113 to 400 deg. F. 
range, and in 50 deg. F. steps in the 
400 to 2000 deg. F. range. The pellets 
are also obtainable in 100 deg. F. steps 
from 2000 to 2500 deg. F. Fig. 25-18, 
shows one way a welder can use such 
a crayon to measure the preheat tem- 
perature of a pipe prior to welding. 


25-13. HEAT TREATING 
TOOL STEELS 


There are several classifications of 
tool steels. A cold chisel usually has 
a carbon content of 75 to 85 point car- 


Fig. 25-18. A welder preheating = pipe joint to 300 

deg. F. prior to welding. Note at (A) the crayon mark 

and how it has melted in the area where the torch is 
pointing. 


bon. It is considered a lower grade tool 
steel, and is similar to all tool steels 
having between 50 point carbon and 100 
point carbon. To fully anneal this steel 
one should heat the 50 point carbon steel 
to 1500 deg. F. and cool slowly. To 
anneal 85 point carbon steel, heat to 
1350 deg. F. and cool slowly. Toanneal 
100 point carbon steel, heat to 1350 deg. 
F. and cool slowly. These temperatures 
were obtained from the iron carbon 
diagram, CHAPTER 24, Fig. 24-3. To 
use this diagram, find the carbon con- 
tent on the lower (horizontal) scale. 
Draw a line vertically until you reach 
the area of the diagram marked full 
annealing temperature, then draw a 
line horizontallytothe verticaltemper- 
ature scale, and note the required tem- 
perature for annealing the steel sample 
in question. To harden this range of 
steel, one must heat ittoatemperature 
within the full annealing temperature 
zone and cool it rapidly in the proper 
cooling medium, Fig. 25-19, shows the 
grain structure of hardened high car- 
bon steel, 


Fig. 25-19. Microphotograph of hardened high carbon 
steel magnified approximately 500x. 
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Heat Treatment of Metals 


To draw (temper) the tool steels 
mentioned in the preceding paragraph, 
one must heat them tothe temperatures 
within the full annealing zone and then 
cool them rapidly inthe proper medium, 
The metal must then be reheated toa 
temperature of 400 to 900 deg, F. and 
cooled, Fig. 25-20, shows the annealing 
effect of successive passes in a multi- 
ple-pass weld, The higher the tempera- 


Fig. 25-20. Cross section of an arc weld that was 
welded in several passes. Note how successive 
passes have annealed the earlier passes. 


(General Electric Co.) 


ture to which the metalis reheated, and 
the longer it is held at this tempera- 
ture, the softer and more ductile the 
steel becomes. The yellow, brown, and 
blue metal color tempering lines are 
shown in Fig. 25-4. Fig. 25-21, shows 
the grain structure of highcarbon steel 
in the annealed condition. The word 
draw as applied to heat treating, means 
to draw from or remove from the steel, 
some of its hardness andbrittleness. 
Spherodizing is a heat treatment 
which is used to make high carbon steel 
even softer than is possible with the 
annealing process. The steel is heated 
to a temperature just below the trans- 
formation range for a number of hours, 
and is then slowly cooled through the 
upper cooling range. The cementite in 
the steel collects in small spherically- 


Fig. 25-21. Microphotograph of grain structure of high 
carbon steel in annealed condition. 
(General Motors Corp.) 
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Fig. 25-22. Microphotograph of grain structure of 
spherodized high carbon steel. 


shaped particles leaving a matrix of 
ferrite which is soft. Fig. 25-22, shows 
a photomicrograph of spherodized high 
carbon steel. 

Tool steels between 100 and 170 point 
carbon must be heated from 1350 to 
1450 deg. F. and cooled slowly to anneal. 
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To harden, heat to the same tempera- 
ture and cool rapidly. To relieve the 
brittleness by drawing, heat to the 
‘annealing temperature, cool rapidly, 
and then reheat to a temperature be- 
tween 400 and 900 deg. F. Most of these 
steels are not simple, iron-carbide 


steels, but are usually alloy steels. 
Fig. 25-23, shows an example of tem- 
pered high carbon steel, 


Fig. 25-23. Microphotograph of grain structure of 
tempered high carbon steel. 


25-14. HEAT TREATING 
ALLOY STEELS 


The heat treatment of alloy steels 
is difficult because of the multiplicity 
of alloy metals (ingredients), and the 
hundreds of combinations of these alloy 
metals with the iron carbon steels, 
Alloy metals, generally speaking, lower 
the critical temperature of the iron 
carbide steel, Some alloy metals have a 
special influence onthe characteristics 
of the heat treatment, For example, 
iron carbide steel, with manganese 
added to it as an alloying metal, will 
become a self-hardening steel. If a 
sample of manganese steel is heatedto 


its critical temperature (1350 deg. F.) 
and cooled in air, the sample is as hard 
as an ordinary iron carbide steel 
sample quenched in cold water. Fur- 
ther, this alloy has the characteristic 
of maintaining its hardness at high 
temperatures. This characteristic 
makes it adaptable as a metal-cutting 
tool. Chromium-tungsten high speed 
steel also has the property of main- 
taining hardness at a high tempera- 
ture. It is difficult to anneal these 
steels because of the self-hardening 
properties, The iron carbon diagram 
should not be used to determine heat 
treat temperatures for alloy steels. In 
order to heat treat alloy steels proper- 
ly, one should, if possible, obtain the 
exact percentage of the constituents in 
the steel, and use the recommended 
process as specified by the manu- 
facturer of the steel. 


25-15. HEAT TREATING TOOL 
AND DIE STEEL 


It is very difficult for the welder to 
identify the alloy of a particular tool 
steel, so he will know the type of heat 
treatment required, Therefore careful 
records must be kept of the specifi- 
cations for each tool from the time of 
manufacture or purchase. Itis expected 
that the tool steel welder will be given 
this information before making a tool 
or die weld. 


25-16. HEAT TREATING CAST IRON 


As mentioned previously there are 
several forms of cast iron, namely, 
white cast iron, gray castiron, nodular 
iron and malleable iron, They are 
similar cast irons in reference totheir 
carbon content and method of manu- 
facture, except the nodular irons which 
have other alloying metals in them, 
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They differ because of the heat treat- 
ments. White cast iron is formed by 
heating cast iron to the critical tem- 
perature (1650 to 2088 deg. F.) and 
cooling rapidly. This cast iron derives 
its name from the appearance of the 
fracture, which is white as a result of 
the carbon being in solution with the 
iron, forming cementite and pearlite. 

If cast iron is heated to its critical 
temperature, and then cooled slowly 
(in asbestos, sand, or a furnace), the 
slow change through the temperature 
ranges permits enough time for some 
of the excessive carbon to separate 
from the iron to form microscopic 
flakes of graphite. When a sample of 
this type of cast iron is broken, the 
fracture has a grayish color because of 
the number of graphite flakes imbedded 
in the cast iron body. 

White cast iron, because of the ex- 
cessive amount of carbide, is too hard 
to machine whereas gray cast iron, be- 
cause of the presence of the graphite 
flakes and the reduction of the amount 
of carbide is machinable. 

Malleable iron is cast iron heat 
treated to make it more ductile, and 
more resistant to shock, This type of 
cast iron is formed by heating a cast- 
ing to its critical temperature and 
cooling it rapidly, forming white cast 
iron; then reheating to a temperature 
between 1450 and 1650 deg. F., and 
keeping it at this temperature for 24 
hours for each inch of casting thick- 
ness, Being maintained at this high 
temperature for this duration of time 
causes much of the carbon to separate 
slowly from the iron in the casting, 
forming globular carbon (spheroids of 
carbon or small microscopic pools of 
carbon surrounded by low carbon iron). 
After heat treatment at this high tem- 
perature for the proper length of time, 
the casting is cooled slowly. 


By noting the conditions describedin 
preceding paragraphs for the pro- 
duction of malleable iron, one will 
readily realize that if a malleable iron 
casting is welded, the casting will lose 
its malleable qualities in the weld and 
in the vicinity of the weld. Forthis rea- 
son malleable iron castings (recognized 
easily by alow-carbon spark on the sur- 
face and a cast iron spark inthe center) 
should be brazed, or braze welded to 
keep the temperature below the point 
where white cast iron is again formed. 

A special application of an effective 
heat treatment on cast iron is the heat 
treatment given to railroad car and 
street car wheels, These wheels are 
cast in a mold which provides a special 
means of rapidly cooling the rim or 
periphery of the wheel; whereas the re- 
mainder of the wheel is cooled slowly. 
This produces a wheel that has a white 
cast iron rim (very hard) and a gray 
cast iron body that is not so readily 
fractured if subjected to shock. 


25-17. HEAT TREATING COPPER 


Copper becomes hard and brittle 
while being mechanically worked. How- 
ever the metal can be made soft again 
by annealing. To anneal copper, it 
should be heated to a temperature be- 
tween 700 and 900 deg. F. It may then 
be cooled either rapidly or slowly since 
the rate of cooling has no effect on the 
heat treatment. This heat treatment 
eliminates the fractured crystalline 
structure caused by the slipping of the 
original crystals on their slip bands 
and makes the copper soft, pliable, and 
ductile. It brings back its original 
ductile qualities. 

One must be careful when heating 
copper to its annealing temperature be- 
cause, at approximately 900 deg. F., 
copper undergoes a physical phenom- 
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enon or change, called hot shortness. 
At this temperature the copper sudden- 
ly loses its tensile strength. If not 
adequately supported or if it is sub- 
jected to shock or strain, it will 
fracture easily. 


25-18. HEAT TREATING ALUMINUM 


Aluminum is heat treated in a man- 
ner similar to copper. As it also has 
the characteristic of hot shortness, one 
must be very careful when aluminum 
is passing through this temperature. 
Mechanical working also makes alumi- 
num harder and more brittle, This may 
be relieved by heating and cooling. The 
critical temperature is approximately 
the same as that of copper. 

Aluminum has a number of alloys, 
each of which requires special heat 
treatment to bring out the best proper- 
ties of the alloy. 

Some aluminum alloys age harden 
at room temperatures and are kept 
refrigerated to keep them soft, ductile, 
and malleable while they are being 
shaped. 


25-19. TEST YOUR KNOWLEDGE 


1, What is the purpose of annealing? 

2. How is a steel hardened? 

3. What is tempering? 

4. Why must aluminum be well sup- 
ported when being welded? 

5. What causes stresses and strains 
when metal is heated as in welding? 

6. What carbon steel has the lowest 
critical temperature point? 

7. What may be done to relieve the 
strains in a weld without reheating it? 


8. How is a steel sample made both 
hard and tough? 

9. Why must one be careful of how 
long a sample is heated when heat 
treating it? 

10. What are the three primary factors 
which must be considered in heat 
treating? 

11. How may gray iron be turned into 
white cast iron? 

12. May a cold chisel be correctly heat 
treated by only heating it once ? How? 
13. If a large article is heated in a gas 
furnace to anneal it, where is the best 
place to cool it? 

14. How may a sample of brittle copper 
be annealed? 

15. What is meant by the term ''draw- 
ing" as applied to heat treating? 

16, Explain preheating. 

17. Will a steel expand or contract as 
it is heated through a critical 
temperature ? 

18, What is the similarity betweencast 
iron and the as-welded condition of the 
metal in the weld of a mild steel weld? 
19, Is peening a hot working process,a 
cold working process, or both? 

20. Does hysteresis take place in all 
ferrous metals when subjected to an 
alternating magnetic field? 

21. In what medium does cooling take 
place when much of the heat loss is by 
radiation and convection? 

22. Can molten metals be used to cool 
other metals? 

23. When do the smallest crystals in 
steel exist? 

24. Why is some steel heated to 400 deg. 
F. and then cooled? 

25, List several high temperature 
measuring instruments. 
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Chapter 26 
THE WELDING SHOP 


Welding shops may be divided into 
three principal groups: 

1. The independent shop which spe- 
cializes in repairing and fabricating 
metal structures by the various 
methods of welding. 

2. The welding shop, or department, 
attached to a factory or manufacturing 
establishment. 

3, The welding equipment shop which 
overhauls and repairs welding equip- 
ment and sells equipment and supplies. 


26-1. THE WELDING SHOP 


The architectural design of the weld- 
ing shop is important. A typical shop, 
would incorporate these features: 

1. Heavy-duty load bearing floors, 
preferably of concrete. 

2. Fire-resistant structure. 

3. Building which is well-ventilated 
and have provision for localized ex- 
haust ventilation. 

4. Some means to move heavy equip- 
ment and material into and out of the 
shop. 

5. Heavy-duty electric al service 
readily available. 

The concrete floors should be at the 
ground level. The utilities should be 
arranged on the periphery (around the 
outside) of the room and overhead. A 
monorail or a double-rail crane sys- 
tem should be installed to provide easy 
movement of equipment and material 
to any spot in the room. If the business 


is of sufficient sizetojustify accessory 
rooms suchas paint booths store- 
rooms, toilets, showers, locker rooms, 
and offices, these should be inanannex 
to the shop for safety, cleanliness and 
to reduce the noise level. 


26-2. WELDING SHOP EQUIPMENT 


Equipment used in the welding shop 
depends to a considerable extent upon 
the kind of work handled. Some of the 
common equipment used is: 

1. Oxyacetylene welding stations. 

2. DC arc welding stations. 

3. AC arc welding stations. 

4, Inert gas arc welding stations. 

5. Resistance welding machines. 

6. Metal cutting equipment. 

7. Preheating and postheating fur- 
naces, 

8. Overhead crane and/or heavy-duty 
hoists. 

9, Forges. 

10. Benches, vises, anvils. 

11. Jigs and fixtures. 

12. Heavy-duty power tools such as 
lathes, drill presses, gad nde ris; nib 
blers, shears, brakes. 

13. Sandblasting equipment. 

14, Weld inspecting and testing equip- 
ment, 

15, Paint booth. 

Local and State Building and Safety 
Codes must be followed when design- 
ing, building and using all welding 
shops. The shop must be adequately 
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equipped with personnel safety equip- 
ment and fire safety equipment suchas 
fire extinguishers and blankets. 


26-3. OXYACETYLENE STATION 


In cases where more than one oxy- 
acetylene station is used, manifolds 
may be used for the gases, and the 
cylinders can then be kept outside the 
shop area for greater safety. In some 
shops acetylene generators are used 
in place of cylinders, These generators 
may also be connected to a manifold 
system for distribution of the gas 
around the shop. Details of construc- 
tion of the oxyacetylene welding equip- 
ment are given in CHAPTER 2. A sta- 
tion consists of gas cylinders, regu- 
lators, hose, torch, and a bench upon 
which the work to be welded is assem- 
bled. It is recommended that at least 
one of the oxyacetylene stations be 
portable so it may be moved around 
the shop. Fig. 26-1 shows a portable 
station with an acetylene generator. 

The accessories of an oxyacetylene 
welding station should be attached to 
the station, or they may be kept ina 
portable kit to save time and effort in 
assembling the necessary apparatus to 
do a welding job. The accessories in- 
clude leather gloves,pliers, wire 
brush, welding goggles, lighter, tips, 
and wrenches, Special wrenches needed 
for adjusting and operating the welding 
station are best handled by attaching 
them to the welding station rack, or to 
the welding bench near the station by 
means of chains. Portable units usually 
provide space for commonly used filler 
rods and fluxes. 


26-4. ARC WELDING STATION 


The arc welding station, either AC or 
DC, or AC-DC inert gas arc welding 


should have the following 


stations, 
equipment: 
1. Enclosed booth to protect other 
workmen in the shop from the harmful 
rays radiating from the arc. 
2. Bench upon which the work is to 
be assembled and welded, 


Fig. 26-1. Portable oxyacetylene welding station with 
an acetylene generator. (Rexarc, Inc.) 


3. Ventilating fanto move fumes from 
the booth to the outside of the building 
before they can be dissipated into the 
shop. 

4, Complete arc welding outfit. Some 
shops which use many arc welding sta- 
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Fig. 26-2. Four arc welding machines stacked for 
space saving purposes and to minimize electrical pri- 


(Miller Electric Mfg. Co.) 


mary power connections. 


tions arrange the welding machines as 
shown in Fig, 26-2. 

The booth should be painted on the 
inside with a special arc ray absorb- 
ing paint. This paint is of a gray white 
color and has the peculiar property of 
absorbing and not reflecting the infra- 
red and ultraviolet rays. 

For safety when working on jobs out 
in the shop, a portable canvas booth 
may be used as shown in Fig. 26-3. 
This screening eliminates much of the 
flashing, which otherwise might inter- 
fer with other workmen in the shop. It 
also eliminates much ofthe glare which 
creates reflections around the back of 
the welder's shield, or helmet, and may 
injure the operator's eyes. 


26-5. INERT GAS ARC 
WELDING STATION 


An ever increasing part of the work 
done in a welding shop involves certain 
nonferrous metals and ferrous metals 


which require that they be welded in 
an inert atmosphere to obtain con- 
sistently acceptable welds. 

The welding shop operator, to bid 
on these special metal jobs, is finding 
that at least one inert arc welding sta- 
tion is necessary to complete his shop 
facilities. The equipment is usually 
more expensive than the standard DC 
or AC welding station, but the results 
which can be obtained withinert gas arc 
welding equipment far outweigh the 
added expense. Space requirements, 
ventilation equipment, andthe boothare 
the same as when using a typical stick 
electrode arc welder. However, one 
must always remember that inert gas 
arc welding emits more powerful infra- 
red and ultraviolet rays. 

In a small shop with only a few arc 
stations, the inert arc welding machine 
may be installed so it can be used for 
either stick electrode or inert gas arc 
welding, This dual purpose station is 
obtained by attaching the inert gas arc 
welding cables and the metallic arc 
cables to the two terminals of the ma- 
chine in parallel, The metallic arc 
electrode holder is hung onaninsulated 


Fig. 26-3. Portable arc welding screen. 
(Singer Glove Mfg. Co.) 
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hook when the inert gas arc is used. 
By this method, the usefulness of the 
machine is increased, when there is 
no need for TIG or MIG welding. 


26-6. RESISTANCE WELDING 
MACHINES 


More and more welding shops are 
using resistance welders. The most 
popular type of resistance welder is 
the spot welder. With this welder, a 
shop can become more versatile and 
capable of bidding on jobs involving the 
welding of thin materials, 

The spot welder may be used to tack 
assemblies for alignment prior to other 
welding. The operator should have the 
following equipment for work on a re- 
sistance welder; gloves, clear te m- 
pered goggles ora plastic shield, pliers 


or tongs to hold the work, anda variety 
of electrode sizes and shapes plus tools 
for conditioning and changing the elec- 
trodes. 

A small portable spot welderis often 
used in fabricating shops. There are 
many spot welding situations where the 
assembly is too awkward to move to a 
fixed spot welder and much time is 
saved by moving the portable unit to 
the job. More detailed information 
about resistance welding units will be 
found in CHAPTERS 13 and 14, 


26-7. VENTILATION EQUIPMENT 


Air contamination in the shop must 
be kept to a minimum for health and 
good housekeeping. The operators 
must have sufficient clean air, oxygen 
to eliminate respiratory problems, and 


Fig. 26-4. Adjustable exhaust ventilator installed to exhaust fumes from arc weld- 
ing station. Pickup for this exhaust system may be adjusted to keep fumes away 


(Ruemelin Mfg. Co.) 


from the operator. 
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to be comfortable. The temperatures 
and humidity conditions should be com- 
fortable. Toxic gases and toxic dust 
particles must be held to an absolute 
minimum. 

Welding stations which produce dust 


particles and gases should have ade- 


quate exhaust ventilation, The amount 
produced varies with the size of the 
equipment, kind of metal being heated, 
fluxes used and the like. It is desirable 
to have an industrial hygiene technician 
take air samples under operating con- 
ditions and to adjust or modify the 
ventilating system until safe working 
conditions prevail. 

Venting exhaust fumes from a weld- 
ing area is shown in Fig. 26-4. 

Air which is exhausted must be re- 
placed. When the outdoor temperatures 
are comfortable, open doors and win- 
dows provide the air replacement. How- 
ever, during cold weather conditions, 
the replacement air must be both heated 
and humidified. Adequate provisions 
must be included in the heating plant 
to provide the shop requirements. 


26-8. METAL CUTTING EQUIPMENT 


Metal may be cut to size and beveled 
to specifications prior to welding by 
several different processes: 

1, Abrasive cutting wheel. 

2. Power hacksaw. 

. Metal bandsaw. 

. Shears. 

. Nibbling. 

. Flame-cutting torch. 
. Arc cutting. 

. Plasma arc cutting. 

Power hacksaws, shears and power 
cutoff saws are needed to cut standard 
size stock to needed lengths. Fig. 26-5, 
illustrates an abrasive wheel cutoff 
machine. 

Where 90, deg. or other standard 
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Fig. 26-5. Dry abrasive cutting machine. This cir- 

cular cutoff tool which is mounted on a pivot, is held 

in the up position by spring force. The wheel is low- 

ered to the metal being cut. In addition to rotating, 

the circular abrasive wheel also oscillates to pro- 
duce a better cutting action. 


(Allison Campbell) 


angle cuts are needed a reciprocating 
type power hacksaw or a band type 
power hacksaw are commonly used, 
Metal-cutting bandsaws are used for 
both straight and contour cuts. 

Metal shears of all types, both man- 
ual and power-operated find extensive 
use in welding shops. Squaring shears 
are used for thin metal while alligator- 
jaw shears (some with special 
provisions for round stock cutting and 
angle iron cutting) are used for stock 
up to 8-in, in width, Fig. 26-6, showsa 
power-driven sheet metal and thin plate 
shears. 


Fig. 26-6. Power shear for cutting sheet metal and 
thin plate. 


(Niagara Machine and Tool) 


Fig. 26-7. Enlarged view of cut made by a nibbler 
machine. 


Fig. 26-9. Portable nibbler being used to cut curves 
in sheet metal. This tool is capable of cutting along 
either straight or curved lines. 


(Black and Decker Mfg. Co.) 


Fig. 26-8. Electrically-powered floor model nibbler 
machine making a circular shearing cut. Fig. 26-10. Steel plate being cut with m portable 
(American Pullmax Co.) nibbler machine. (Fenway Machine Co.) 
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Fig. 26-11. Cross section view of a portable nibbler machine. 
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A nibbler machine complete with 
attachments provides a means of cutting 
irregular shapes for assemblies fabri- 
cated of sheet metal and plate. This 
machine uses two small, sharp steel 
blades, one stationary and one power- 
ful moving blade. The cutting is done 
by shearing as shown in Fig. 26-7. It 
is possible to cut straight or curved 
lines with this type machine, Fig. 26-8, 
shows a floor model and Fig. 26-9 a 
portable model. 

The portable nibblers will cut metal 
up to 1/4-in. thick. Fig. 26-10, shows 
a steel plate being cut in a straight line 
while the curved section shows the ver- 
satility of the tool. The internal con- 
struction ofa nibbler showing the mech- 
anism which produces the shearing 
action is illustrated in Fig. 26-11. 

Tools have been developed for cutting 
tubing and pipe of all diameters and 
thicknesses to produce the special 
notched ends needed to weld or braze 
the joints. Fig. 26-12, shows a 
manually-operated notching machine. 
The different shaped ends of tubing 
which may be obtained are shown in 
Fig. 26-13. 

When metal exceeds 1/8-in. inthick- 
ness, the metal to be gas or arc welded, 
is usually beveled. The bevels may be 


Fig. 26-12. A pipe and tube notching machine. 
(Vogel Tool and Die Corp.) 


Fig. 26-13. Both rectangular and round tubing ends shaped for various type joints. 


made by grinding, by flame or arc 
cutting, or may be made by a beveling 
machine as shown in Fig. 26-14. 

Since a great deal of cutting takes 
place in a welding shop, either of var- 
ious shapes prior to welding in a fab- 


ricated construction or incutting risers 
from castings, an arc or flame cutting 
station is desirable. One or more of 
the oxyacetylene cutting stations should 
be portable for greater flexibility in 
the shop. 
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Fig. 26-14. Power-operated beveling machine in 

action. This machine uses a cutter similar to u milling 

machine cutter. It can bevel metal up to l-in. in 
thickness. 


26-9. FURNACES 


A preheating furnace is a necessity 
for practically all welding shops. As 
previously explained, some metals and 
practically all complicated metal 
structures, when welded, are subject to 
excessive straining and perhaps break- 
age if heated or cooled unevenly. To 
minimize these conditions, the metal 
or the structure must be heated grad- 
ually to the correcttemperature before 
the necessary welding is performed. 
The structure is then allowed to cool 
slowly and evenly after the welding is 
completed. This practice makes possi- 
ble a minimum of warpage; italsopre- 
vents excessive stresses and cracking 
of the metal as it cools to room tem- 
perature. Three styles of preheaters 
are: 

1. Portable torch type. 

2. Flat-top open type. 

3, Enclosed furnace, 

The torch type may be a large port- 
able blowtorch such as shown in Fig. 
26-15. A preheat furnace may use city 
gas, oil, gasoline, or kerosene as the 
fuel. It may use air or oxygen as the 


combustion supporting gas. These fur- 
naces, or heaters, may be used for the 
smaller metal structures or for local- 
ized preheating. 
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Fig. 26-15. A preheating blowtorch. This unit with 

blower propelled air produces a temperature of 2200 

deg. F. It uses natural gas as a fuel. A flexible gas 

line permits positioning. The torch may be used for 

either preheating, postheating, or metal heat treating. 
(Clements Mfg. Co.) 


The open flat-top preheater consists 
of a grate, or series of bars, with gas 
burners underneath, The article to be 
preheated is placed on top of the bars 
or grates. Occasionally apart toolarge 
for any existing shop furnace may be 
brought in for repair. In such cases, a 
preheat furnace may be built around the 
part using firebrick and asbestos sheets 
as needed and a fire built under the part. 
In some cases, large gas-fired indus- 
trial space heaters are used to provide 
heat for improvised preheat furnaces 
such as shown in Fig. 26-16. 

Clay and firebricks are usually built 
up around the article to be preheated 
in order to enclose it. This shield may 
also protect the welder from the heat 
from the furnace which is dissipated 
into the room, making working con- 
ditions uncomfortable, especially in 
warm weather, 

An advantage of this type of furnace 
is its flexibility in that the article being 
preheated, or welded, is readily acces- 
sible if certain bricks or asbestos 
sheets are removed. The article may 
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be welded while it is still located in 
the furnace. 

The enclosed type of preheating fur- 
nace is a typical furnace which may 
be used for heat treating, carburizing, 
or preheating. It consists of a fire- 
brick-lined, steel structure and usually 
uses gas for fuel. A forced air blower 
is generally used for supporting the 
combustion and for raising the tem- 
perature, An advantage ofthis type fur- 
nace is its economy, its ability to cool 
the article slowly for annealing pur- 
poses, and the dissipation of the heat 
outdoors rather than into the shop. It 
has the disadvantage of usually re- 
quiring that the article to be welded 
must be removed from the furnace 
after preheating in order that it may 
be welded, In some cases this prevents 
the use of this type furnace. 


26-10. OVERHEAD CRANE 


The size of the work to be handled 
by the welding shop may necessitate 
the use of power equipment for moving 
the article to be welded from place to 
place. 

In the small shop, a chainfall, either 
hand driven or motor driven, may be 
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Fig. 26-16. Shop-built furnace made of firebrick and 


asbestos sheeting. 
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suspended from rails or beams, which 
run the length of the shop. Or, a port- 
able crane which runs on tracks 
mounted.along the sides of the shop 
may be used. Fig. 26-17, illustrates 
a powered cable hoist, 
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Fig. 26-17. Electrically-operated overhead crane 
hoist, of one ton capacity. Continuous pressure must 
be maintained on a button to operate the motor. 
(Harnischfeger Corp.) 


26-11. FORGE 


A welding shop is sometimes called 
on to shape and/or heat treat articles 
after they have been welded, The forge 
has some advantages over a welding 
torch for this purpose. Fig. 26-18, 
shows a typical blacksmith forge which 
uses forced air and has a vent to the 
outdoors through a hood located over 
the forge fire. 

The forge temperature and amount 
of heat may be controlled by a valve 
on the blower duct, and the amount of 
coke used, 
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Fig. 26-18. Blacksmith type forge equipped with elec- 
trically powered blower, exhaust hood, and quench- 
ing tank. (Buffalo Forge Co.) 


26-12. JIGS AND FIXTURES 


One of the greatest problems en- 
countered in a welding shop, is to pre- 
vent the metal from warping or buck- 
ling during the welding operation, or 
during the cooling after the welding 
operation. Many devices have been used 
to hold the metal during the welding so 
that the warpage and bending of the 
metal will be reduced to a minimum, 
Clamps, V-blocks, vises, and special 
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Fig. 26-19. Fast-acting clamp. The shaft or spindle 

is made of beryllium copper alloy. This permits arc 

welding within 1/4-in. of the spindle without injury 
from arc splatter. 
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Fig. 26-20. Table-mounted fast-action clamp used for 
production work. (United Clamp Mfg. Co.) 


holding jigs are used extensively for 
this purpose. Fig. 26-19 shows a fast- 
action clamp. This clamp has a beryl- 
lium copper alloy spindle whichresists 
injury from arc welding spatter. Fig. 
26-20, shows a table-mounted type 
fast-action clamp. Fig. 26-21, shows 
how close one may arc weld to the 
clamp without injury to the clamp. When 
a large quantity of articles of the same 
type are to be made, it is economical 
to design and make jigs to hold the 
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Fig. 26-21. An assembly being arc welded (note 
ground clamp) while the parts are held together with 
a fast-action clamp. 
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articles so the finished products will 
be identical in shape and size, Fig. 
26-22. 


Fig. 26-22. Assembly of toggle clamps mounted on 
steel plate to form clamping fixture. 


(De-Sta-So Corp.) 
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Fig. 26-23. A faceplate (platen) used with various 
clamping and bending devices. 
(Acorn Iron and Supply Co.) 


Angle iron, cast iron, or steel- 
grooved face plates may be used to 
advantage for fixtures of this kind. Fig. 
26-23, shows a cast iron platen with 

various accessories used to clamp 
and/or shape the metal. 

Turntables; horizontal, vertical, or 
tilting, are also popular in shops in 
both custom work and in production 
work as they help to provide down- hand 
flat welding. Fig. 26-24 shows atypical 
powered turntable. The turntable con- 
sists of afixture and faceplate, mounted 
on. rollers, or ball bearings, to which 


any assembly to be welded ‘may be 
fastened. The operator starts in one 
position while welding and the work is 
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Fig. 26-24. Power-operated welding turntable. The 

turntable may be power tilted through 90 deg. (flat to 

vertical). The turntable can be rotated at variable 
speeds. (Weldma Co.) 
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Fig. 26-25. Large positioner holding an assembly dur- 


ing a welding operation. (Aronson Machine Co.) 
turned to position the joint where the 
operator can most conveniently do the 
welding. Such fixtures also minimize 
the physical exertion on the part of 
the welder. This type of jig may be 
purchased from equipment companies. 
Fig. 26-25 shows a large positioner 
holding an assembly while it is being 
welded. 
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26-13. POWER TOOLS 


Power tools of various types are a 
‘necessity in high production welding, to 
cut overall production costs. 

The drill press or portable drill is 
used to make holes in parts of weld- 
ments and for drilling holes for re- 
inforcing rods in large castiron welds. 
Electrically or pneumatically powered 
wrenches can be used when removing 
parts from large jobs. Power chisels 
save a great deal of labor when opening 
up a crack for a welding repair, or in 
removing scale from ferrous or non- 
ferrous castings prior to welding. The 


ON-OFF 


ADJUSTABLE SWITCH 


TOOL REST 


QUENCH 
CONTAINER 


" muti | 
Mm omis. 


Fig. 26-26. A pedestal type grinder. 
(Cincinnati Elec. Tool Co.) 


power chisel may also be used when 
removing excessive welding material 
from a surface to be ground. 

The pedestal grinder may be used 
for snag grinding on finished parts, and 


for preparing small parts for welding, 
Fig. 26-26. The portable grinder finds 
wide usage in preparing and finishing 
the welded area. It is especially useful 
for grinding welds on large weldments 
that cannot be brought to a grinder. 
These machines are available in two 
types, the solid shaft type (similar to 


Fig. 26-27. A portable electric grinder. 
(Miller Falls Co.) 


Fig. 26-28. A portable electric sander-grinder combi- 
nation of the disc type. 


a portable electric drill) and the flex- 
ible shaft type. Figures 26-2" and 26-28 
show two types of solid shaft or self- 
contained portable grinders. 

A disc-type grinder is shown in Fig. 
26-29. 

In all grinding operations you should 
wear eye protection, The abrasive 
wheels must be in good condition, They 
should be inspected for cracks, loose- 
ness, and general good condition before 
being used. The operator should take 
precautions to standin a safe and secure 
position, Small articles should be 
fastened before they are ground or 
sanded, 

A flexible shaft grinder is shown in 
Fig. 26-30. The unit has several ac- 
cessories such as wire brush, grind- 
ing disc, and chuck, 


26-12 


Fig. 26-29. Disc-type portable grinder being used to grind weldbeads from a bucket. Note the use of safety 
eyeshield and gloves. (Norton Co.) 


Fig. 26-30. A 1 HP flexible shaft grinder, mounted 26-14. BLAST CLEANING 
on a portable base. (Wyzenback and Staff) EQUIPMENT 


A blast cleaning unit is handy when 
dirty or rusty metal stock must be 
cleaned before and/or after the weld- 
ing has been done. 

Air pressure is used to impinge 
(drive) steel grit, shot, sand or artifi- 
cial abrasives against the surface tobe 
cleaned. The operation is performedin 
a special cabinet with a suction unit 
and a recovery chamber for the abra- 
sive, The operator usually stands out- 
side the cabinet and uses specially 
built-in gloves to handle the blast noz- 
zle and the parts as shownin Fig. 26-31. 

The air pressure varies from 20 to 
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Fig. 26-31. Blast cleaning cabinet which has a noz- 
zle using compressed air and grit which cleans the 
metal before and after welding. The operator places 
his hand through the reach-in openings so his hands 
are protected from the blast of the grit. 
(Ruemelin Mfg. Co.) 


100 psig. An exhaust system is used 
to remove the abrasive from the booth, 
Filters are mounted in the exhaust 
system to trap and remove the blast- 
ing material before the material can 
reach the exhaust fan. 


26-15. WELD TEST EQUIPMENT 


Welding shops may employ one or 
more of the following methods tocheck 
the quality of the welds and weldments 
produced: 

1. Dye penetrates for surface cracks. 

2. Magnaflux for surface cracks. 

3, X-ray to detect internalflaws. 

4. Supersonic todetailinternalflaws, 

9. Brinell or Rockwell tester to test 

metal hardness. 

6, Tensile teeters toveneek yield 
strengths in production welds, 

7. Bend testers to determine qualifi- 
cations of the operators, 

These tests are described in CHAP- 
TER 22 on Inspection and Testing. 


26-16. THE WELDING JOB SHOP 


There are two different types of shops 
which specialize in the fabrication of 
structures by welding, or repairing 
structures by welding. These twotypes 
do similar work and will be treated as 
one in the remainder of this chapter. 
These shops will be called "welding job 
shops." This type of shop will need all 
the necessary equipment explained in 
the previous paragraphs. In addition to 
these, it will need a certain number of 
other tools and supplies, 


26-17. MOBILE WELDING 
EQUIPMENT 


Many welding shops have portable 
welding stations mounted on trucks. 
These mobile units usually carry: 

1. Arc welder - engine driven. 

2. Combination gas welding and cut- 
ting unit, 

3. Welding accessories. 

4. Tools 

5. Welding supplies. 

These are excellent for making 
emergency repairs on stationary struc- 
tures and various types of broken equip- 
ment, Fig. 26-32, shows a mobile weld- 
ing station suitable for arc welding 
and cutting. 
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Fig. 26-32. Mobile welding truck being used to re- 
pair a farm disc. (Hobart Bros. Co.) 
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26-18. WELDING SHOP EQUIPMENT 


The kind and number of tools the 
welding shop needs depends on the kind 
of work to be handled by the shop. The 
shop may prepare the metal for welding 
and weld it, or, it may specialize only 
in actual welding operations, In the 
former case, a complete metalworking 
department is a necessary part of the 
setup; including a complete machine 
shop and a complete sheet metal de- 
partment, Some of the necessary metal- 
working tools for the department are a 
sheet metal brake and power shears, 
Other power tools often needed are 
a metal lathe, drill press, etc. 

A necessary part of the welding shop 
is the cutting equipment, Every weld- 
ing shop, regardless of its size, should 
have adequate cutting equipment to pro- 
vide accurate shaping of the metal prior 
to welding. 


26-19. WELDING SHOP TOOLS 


The accessory tools, needed in a 
welding shop, are: 

1. Wrenches 

A. Welding equipment wrenches. 

B. Open end wrenches for dis- 
mantling and assembling vari- 
ous articles. 

C. Box wrenches, 

D. Cylinder wrenches for acety- 
lene cylinder. 

E. Pipe wrenches for preparing 
pipe material for welding. 

2. Hammers of several sizes such 
as one, two, and four pound ball-peen 
for general work, sledge hammers for 
straightening and bending heavy stock, 
and chipping hammers. 

Chisels (manual and power). 
Files of all types and sizes. 
Screwdrivers. 


3. 
4. 
5. 
6. Wire brushes. 


7. Power grinder dresser, 
8. Grinder safety goggles. 
9. Squares, 

10. Levels. 

11. Clamps of all types. 

12. Mallets. 

13. Soldering coppers. 

14. Hacksaws and blades. 


26-20. WELDING SHOP SUPPLIES 


It is recommended that the reader 
refer to CHAPTERS 2, 4 and 6 for in- 
formation on welding supplies, Alist of 
the more common supplies is as follows: 

1. GASES 

A. Oxygen. 

B. Acetylene. 

C. Argon, Helium, or CO», 

D. Occasionally some preheating 
gas such as natural, propane, 
etc. 

2. WELDING ROD (OXYACETYLENE 

WELDING) 

A. Steel 
1/167 3/32, 1/87 3/16 aud /4 
in., dia. 

B. Cast iron 
1/8 and 1/4 in. round. 

C. Aluminum 
1/8-in. round drawn, and 1/4- 
in. square cast rod. 

D. Miscellaneous welding rods for 
special welding tasks. 

3. ELECTRODES 

A. The shop operator must keep a 
stock of electrodes as required 
by the types of metals being 
used. Today a myriad of elec- 
trodes are available for all 
types of metal and various 
thicknesses. The welding shop 
should follow the detailed in- 
structions of the ełectrode 
manufacturer in order to se- 
cure the best results. 
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4, METALS 
A. Sheet Metal. A welding shop 


analysis for the various colors. 
This is becoming increasingly 


should have on hand all timesa 
quantity of the various standard 
sizes of sheet steel, which are 
supplied in standard plate sizes, 
and may be stored in the ware- 
house of the shop until used. 
Fig. 26-33 is a table of U. S. 
Standard Gauge Steel Sheet. 
The various alloy metals and 


important since the availability 
of a multitude of special steel 
alloys. 

Pipe. A quantity of pipe stock 
should be kept on hand for 
standard fabricating use. 

Angle Iron, Angle iron of vari- 
ous sizes is also an important 
item. 


WEIGHT PER 
GAUGE NO. DECIMALS FRACTION Sq"FT. (88S) 
0000000 5 1/2 20 
000000 .469 15/32 18:75 
00000 .438 7/16 1725 
0000 .406 13/32 16.25 
000 29/9 3/8 15.0 
00 .944 11732 13:75 
0 :313 5/16 125 
1 .281 9732 11:29 
2 .266 17/64 10.625 
3 25 V4 10.0 
4 .234 15/64 9:275 
5 Zi? 7/32 8.75 
6 :209 13/64 8.125 
7 .188 3/16 7:9 
8 2022 11/64 6.875 
9 .156 5/32 6.25 
10 141 9/64 5.625 
1] 2129 1/8 2: 
12 . 109 7/64 4.375 
13 .094 2/02 JS 
14 .078 5/64 3.125 
15 .070 9/128 2.812 
16 .0625 1/16 2.5 
18 .05 1/20 2.0 
20 0375: 3/80 19 
22 20312 1/32 1-2 
24 .025 1/40 1.0 
26 .0187 3/160 TE 
28 .0156 1/64 .625 


Fig. 26-33. Table of U. S. Standard gauge size for steel sheet. 


variations in the carbon con- 
tent of the iron-carbon steels 
should be identified by care- 
ful marking on the metals, Itis 
preferable to paint each piece a 
different color and to keep a 
code on hand indicating the steel 


D 


Round Solid Rod, Round solid 
rod is often used in a welding 
shop, and a limited quantity 
should be kept on hand for 
special jobs. 


5. FLUXES 
Fluxes are used principally when 
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oxyacetylene welding is done, The com- 
mon fluxes which should be kept on 
hand are: 

A. Brazing flux. 

B, Cast iron welding flux. 

C. Cast iron brazing flux. 

D. Aluminum flux, 

It is important that these fluxes be 
kept in sealed containers and in a cool, 
dry place when not in use. It is further 
recommended that when using the flux, 
enough should be transferred toa 
smaller container to handle the job at 
hand. This will keep the larger supply 
clean and fresh, 

6. CARBON BACKING MATERIAL 
AND CARBON ELECTRODES 

Carbon is a suitable material for 
backing welds and for forming small 
forms or molds, particularly for places 
that are hard to reach, The carbon 
helps to shape or form the metal as it 
is being puddled. This may be either 
flat, square, or round stock. The paste 
is sold in sealed containers and may 
be formed to any shape. Upon contact 
with the air the paste slowly solidifies. 

Carbonelectrodes are used for 
carbon-arc welding and may be ob- 
tained in different diameters. 

7. VITRIFIED FIREBRICK 

Firebrick is used for bench tops 
and for enclosing articles that are to 
be preheated. They are also used to 
slow up the cooling rate of heated 
articles. 

8. MISCELLANEOUS 

Glycerine for lubricating oxyacety- 
lene moving parts, and wiping cloths 
for cleaning purposes. 


26-21. WELDING SHOP POLICY 


It is difficult to list in this text the 
policies that a welding shop should 
pursue in order to maintain correct 
business relationships. The work 


should all be done under a legal con- 
tract basis with clearly and definitely 
defined provisions for allemergencies. 
The welding shop should be extremely 
careful as to the metals being worked 
on; if the metal is being supplied by the 
customer. This metal stock should be 
carefully investigated in order that the 
use of any poor stock will not be 
detrimental to the welding shop. The 
welding shop should list the specifi- 
cations of the metal when purchasing 
and should hold the supplier of the 
material to these limits. 

Frequently the welding shop must 
estimate the final cost of fabricating 
an article prior to starting work. This 
takes considerable training and ex- 
perience., Toestimate it properly, these 
items must be considered: 

1. Length, depth, and shape of weld. 

2. Type of weld--straight-in-line, 
flat, curved, vertical, or overhead 
weld. 

3. Type of metal to be used, 

4. Type of electrode or welding rod 
required. 

5. Labor costs involved. 

Such other variable operating cost 
items as fluxes, power costs, gas 
costs, must also be calculated, De- 
preciation of equipment and other over- 
head costs also affect the final cost of 
the jobs. By calculation, the estimator 
can determine the operating costs. For 
example, accurate information may be 
obtained from welding supply houses 
as follows: how long, how much weld- 
ing rod, or electrodes, and how much 
gas or electricity may be involved in 
making welds of certain lengths and in 
various thicknesses of metal. 

With this basic information, the esti- 
mator can determine the labor cost, 
the cost of material, and the power 
cost. Another item that should not be 
neglected in estimating the cost is the 
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matter of handling the material to be 
welded. When dealing with small arti- 
cles, this may be neglected; but with 
large cumbersome forms which have to 
be moved from one part of the shop to 
another and turned in various posi- 
tions, this item is important. 

There should be a clear understand- 
ing about moving costs, Either party 
may take this responsibility, which in- 
volves moving the articles to the shop 
to be welded, and returning them to 


the person contracting for the work, 


IN WSE 


Fig. 26-34. Jig for holding regulator bodies while they 
are being repaired. 


As with many other kinds of work, 
estimators, after gaining considerable 
experience, can estimate by eye andby 


mental calculations the approximate 
cost of a weld job. However, this 
method is not infallible and should 
always be backed by a complete, de- 
tailed calculation. Inspection and quali- 
ty testing costs should be included in 
any agreement, A welding shop should 
use carefully worded contract forms, A 
lawyer who specializes in drawing up 
industrial contracts should be employed 
to draw up a standard form that maybe 
applied to various types of welding jobs 
handled by the shop. 

Many skilled welders have failed in 
their own welding businesses because 
they neglected the business aspects of 
the business. Accurate records must 
be kept at all times. The total cost of 
operating a shop includes not only the 
actual operating cost but the overhead 
cost as well. Consultation with an ex- 
perienced accountant is highly 
desirable. 

It is important to keep an accurate 
record of each job. These records can 
then be used as a base for estimating 
future jobs similar in nature. 


26-22. THE WELDING EQUIPMENT 
REPAIR SHOP 


Most manufacturers of welding 
equipment maintain shops to overhaul 
used welding equipment and torepair it 
for various welding equipment jobbers. 
Some large manufacturers, who do an 
extensive amount of welding, have in- 
cluded a welding equipment repair shop 
as a part of their plant. Welding equip- 
ment repair may be divided into four 
principal divisions: 

1, Oxyacetylene equipment repair, 

2. Arc welding equipment repair. 

3. Resistance welding equipment 
repair. 

4, Electronic and electrical controls 
repair. 
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26-23. REPAIRING GAS WELDING 
EQUIPMENT 


The repair of gas welding equipment 
should be attempted only by an ex- 
perienced person, or the repair should 
be supervised by an experienced person. 

Regulators, fittings, gauges, hose, 
torches and tips must be expertly dis- 
mantled, checked, repaired, assembled 
and tested to assure safe and efficient 
operation. 


26-24. EQUIPMENT FOR REPAIRING 
GAS WELDING PARTS 


Equipment needed to repair various 
oxyacetylene equipment includes: 

1. Lathe with accessories such as 
universal chuck, drill chuck, tool bit 
holders and centers. 

2. Drill press. 

3. Grinder and buffer. 

4. Soldering apparatus. 

5. Welding station for testing. 

6, Repairing equipment (jigs and 
fixtures). 

7. Bench and vises. 

8, Storage bins for parts. 


26-25. TOOLS FOR REPAIRING 
GAS WELDING PARTS 


Hand tools needed include: 
1. Set of open-end wrenches. 
2. Set of numbered and lettered 
drills. 
3. Large open-end wrenches and 
box wrenches. 
4. Assembling and dismantling jigs. 
5. Calipers, both inside and out. 
6. Micrometers. 
7. Set of center punches. 
8. Set of socket wrenches and 
handles ranging from 7/16 to 1-3/8 in. 
9. Small ball-peen hammer. 
10. Small torch or soldering copper. 


11. Set of dies and a die stock, 

12. Set of taps with a tap wrench. 

It will be necessary to use special 
jigs and fixtures for holding different 
parts of the apparatus while being re- 
paired, See Fig. 26-34. 


26-26. SUPPLIES FOR REPAIRING 
GAS WELDING PARTS 


The supplies needed in a welding re- 

pair shop include: 

1. Sandpaper. 

2. Emery paper. 

3. Solder and flux. 

4. Silver brazing wire and flux, 

5. Cleaning solutions made espe- 
cially for brass and copper cleaning. 

6. Glycerine, 

7. Litharge: 

8. Clean cloth for use with clean 
polishing abrasives. 

Equipment replacement parts neces- 
sary to maintain a welding repair shop 
include: 

1. Nozzles and seats for nozzle- 
type regulators. 

2. Diaphragms for all type regu- 
lators. 

3. Gaskets for all type regulators. 

4. Needles and seats for stem-type 
regulators. 

5. Torch valves for all type torches, 

6. Hose, both oxygen and acetylene. 

7. Hose nipples and nuts for both 
oxygen and acetylene. 

8. Torch valve packing for both oxy- 
gen and acetylene torch valves. 

9. Hose clamps for both oxygen and 
acetylene hose. 

10. Several main parts of different 
types of torches, such as handles, mix- 
ing chamber, barrels, and tips. 

11. Several main parts of regulators, 
such as bonnets, regulator adjusting 
screw springs, seat retaining cage and 
the like. 
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12. Adaptor fittings for connecting 
hose to regulators. 

13. Gauge parts such as needles, 
dials, crystals, bezels, Bourdon tubes, 
and the like. 


26-27. REPAIRING GAS WELDING 
TORCHES 


As explained previously, a torch 
(blowpipe) consists of shutoff valves, 
handle, mixing chambers, barrel, and 
tip. Three different fundamental torch 
designs are commonly used. These are 
based on the location of the mixing 
chamber, 

1, A chamber formed between the tip 
and the tip socket is used as the mixing 
chamber. This allows for a different 
size mixing chamber for each size tip. 

2. The mixing chamber is located in- 
side the handle of the torch and is 
usually placed between the handle and 
the barrel junction. 

3. The barrel and tip are made in 
one piece with the mixing chamber lo- 
cated between the barrel and the handle, 
thus enabling the mixing chamber size 
to be changed for each sized tip. 

The latter type incorporates features 
of the first two because it is ideal to 
change the size of the mixing chamber 
with each tip size; it is also a good 
practice to keep the mixing chamber 
remote from the source of heat inorder 
that pre-ignition may not take place. 


26-28. REPAIRING TORCH VALVES 


Troubles usually encountered with 
torch valves are leaks past the needle, 
or leaks around the valve packing nuts. 
The typical torch valve is of needle de- 
sign, using a drop forged brass body, 
drilled and threaded, and a brass 
threaded needle with either a V tipora 
ball bearing tip. The body ofthe valve is 


threaded to receive the threads of the 
needle, Fig. 26-35. Being made of 
brass, the threads strip easily in case 
of abuse. The only repair in this case 
is to replace the complete valve. 
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Fig. 26-35. Cross section of a torch needle valve. 


(Weldit, Inc.) 


To replace a torch valve: 

1. Remove the packing and any gas- 
kets from the torch. 

2. The torch should be firmly 
mounted in a vise (do not mar or scar 
the torch body). 

3. Clean the surface of the silver 
brazed joint, 

4. Flux the joint, 

5. Heat until the brazing material 
is molten, 

6. Unthread the valve from the torch 
and replace it with a new one, Position 
the valve on the torch in a convenient 
position relative to the torch body be- 
fore silver brazing itto keep the opera- 
tor's hand from interferring with the 
adjustment while using the torch. 

It is often necessary torepack around 
the valve needle to prevent leaks at 
this point. Leaks around the valve 
needle may be dangerous because they 
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Fabrication of heavy assemblies is facilitated by the use of suitable worktables, fixtures and holding devices. 
Note the rapid action clamping devices. (De-Sta-Co Corp.) 


is shop has facilities for doing jobs which require spot welding, arc welding, 
gas welding, brazing and braze welding. (Delta Div. Rockwell Corp.) 


Small compact welding shop. Th 
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mean a continuous loss of gas. When 
repacking a valve needle, it is recom- 
mended that the old packing be com- 
pletely removed and that only new ma- 
terial, as recommended by manufac- 
turer, be used, Asbestos rope, impreg- 
nated with graphite, is often used as 
packing material, It is important touse 
a correct size wrench on the valve 
packing nut to prevent stripping the 
threads, and to prevent rounding the 
hexagonal corners of the packing nut, 
NEVER USE PLIERS ON A WELDING 
TORCH. 

The handle, being made of a thin 
brass tube, sometimes becomes loose 
and turns freely on the torch. This 
makes the torch difficult to hold. To 
remedy this looseness the handle may 
be silver brazed to the stationary parts 
of the torch, or it may be tightened if 
the torch barrel is provided with re- 
taining screws, The handle may also 
become kinked or otherwise abused. It 
should then be replaced. 


26-29. REPAIRING MIXING 
CHAMBERS 


It is difficult to recommend repairs 
for the mixing chamber because of the 
importance of the surfaces of this part 
of the torch. The mixing chambers are 
accurately designed and are carefully 
machined to promote the proper mixing 
of the two gases, If the parts forming 
the mixing chambers are carelessly 
handled, the welding ability ofthe torch 
may be completely ruined. If the parts 
are scratched or bent out of shape, a 
replacement of these parts is essential. 
Fig. 26-36, shows a mixing chamber 
cross section, The most common dif- 
ficulty encountered with mixing cham- 
bers is the carbon formation which 
sometimes takes place and which coats 
the walls, thus changing the size of the 


chambers and preventing good mixing of 
the two gases. It is necessary that the 
carbon be removed and the surfaces 
given their original bright finish. To 
do this, carbon dissolving agents should 
be used in conjunction with a soft cloth, 
NEVER USE SANDPAPER OR EMERY 
CLOTH TO CLEAN MIXING CHAM- 
BER SURFACES, 

Polishing paper such as 000 or 0000, 
French Hubert paper is permissible, 
but should be used very carefully. When 
repairing parts of a mixing chamber, 
it is important that parts obtained from 
the manufacturer be used, if possible. 
If the shop must make a part for re- 
placement, it cannot be emphasizedtoo 
strongly that the tolerance during ma- 
chining should be kept to less than 
one thousandth of an inch, Also, if a 
repair shop is to make its own parts, 
it is emphasized that careful consid- 
eration be given the material from 
which the part is being made. If the 
material is of poor quality a rapid 
deterioration may take place in the 
presence of acetylene or oxygen. Some- 
times the chemical reaction between 
the gases and certain metals becomes 
dangerous. A welding shop doing parts 
manufacturing should secure and use an 
alloy which is inert to the action of 
the gases. 


26-30. REPAIRING TORCH BARRELS 


The design of the torch barrel de- 
pends on the type of torch, One type of 
torch does the mixing of the two gases 
in the handle and another type mixes 
the gases in the head, In one type torch 
where the mixing takes place in the 
handle, the barrel is usually made of 
drop-forged, or extruded brass, rifle 
bored, and bent to shape. Three parts 
of the barrel may need service, First, 
where the barrel is attached to the 
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handle, a clamp nut is used to provide 
a leakproof joint. If abused, the torch 
will leak at this point and relapping, 
remachining, or replacement is neces- 
sary to stop leaks. 

The barrel itself sometimes crystal- 
lizes and breaks because of excessive 
twisting or pounding. The barrels have 
sometimes been repaired by bronze 
welding, or silver brazing. However, 
this is only a makeshift repair; re- 
placement of the complete barrel is 
recommended. 

The socket where the tip is fastened 
to the barrel is another source of 
trouble. This is due to stripping the 
threads or abuse of the sealing sur- 
faces, which may permit the gas to 
leak out around the threads, If the gases 
burn at this leaky joint, they will pre- 
heat the tip, causing the torch to back- 
fire. If the threads of the head are 
stripped, replacement of the complete 
barrel is necessary. If the seat used 
as a sealing surface is abused, an end 
reamer may sometimes repair the 
trouble. If this is not successful, re- 
placement will be necessary. 

Occasionally small leaks, which 
occur at the point where the tipthreads 
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into the barrel, may be stopped by 
applying some bar soap to the threads, 
The soap will act as a sealing com- 
pound when the two are threaded to- 
gether. It should be emphasized here 
that most of the abuses to which a 
torch is subjected are the results ofthe 
operator's forgetting that brass and 
copper parts are soft. It should also 
be emphasized that brass parts when 
threaded together, need not be tightened 
as tight as steel in order to secure a 
leakproof joint. 

The type of torch which uses an 
integral torch and tip barrel for each 
size of welding tip has about the same 
trouble as the torch with the mixing 
chamber in the handle. This design, 
however, does eliminate a joint between 
the tip and the barrel. 

Holders, made of wood or soft metal 
such as lead should be used for hold- 
ing the parts while they are being 
repaired. 


26-31. REPAIRING TORCH TIPS 


The part of the torch which is sub- 
jected to the most severe abuse is 
the torch tip. The tip is immediately 


Fig. 26-36. Torch mixing chamber showing oxygen and acetylene passageways. 
Flow is from left to right. Spiral oxygen flow produces a whirling, turbulent gas 
that is said to provide better mixing of acetylene and oxygen in the mixing cham- 


ber (extreme right). 


(Victor Equip. Co.) 
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adjacent to a high temperature flame 
and in many cases much of the heat is 
radiated against the tip. To withstand 
this service, the tip is usually made of 
hardened copper. Steel cannot be used 
to advantage for this purpose because 


WELDING TIPS 
TIP 
NUMBER O° T.o2om, 
DRILL 
SIZE 65960 853 43-830 


OXYGEN JETS 


58 54 50 40 


be carefully treated. This orifice is 
usually drilled to size and is accurate 
to a thousandth of an inch. The inside 
orifice wall must also be smooth, The 
exact size will vary with each manu- 
facturer, Fig. 26-37, shows a table 


CUTTING TIPS 
PREHEAT JETS 
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73 70 64 55 


Fig. 26-37. Average torch tip sizes and drill sizes for some welding torch tips 
and cutting torch tips. 


it does not cool rapidly enough, and 
the tip soon becomes hot enough to 
preignite the gases. 

Even though hard copper is used for 
the tip, this materialis still soft enough 
to be easily injured. The three parts 
of the tip which most frequently give 
trouble are the orifice, threads, and 
seat. 

The orifice, the opening through 
which the gas is fed to the flame, must 


listing drill sizes for different tip sizes. 
Sizes given are approximate. 

As the tip is being used, metal 
particles adhere to the outside of the 
tip. Some may find their way to the 
interior of the orifice where they will 
interfere with the gas flow. Foreign 
particles in the orifice must be re- 
moved, A special reamer is obtainable 
for this purpose, Because of their small 
size, these reamers may break ifcare- 


Fig. 26-38. Torch tip cross sections showing undesirable conditions which pre- 
vent a good flame. 
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lessly used. This makes it imperative 
that they be used carefully, Start with 
an undersize reamer and finish with 
the correct size. Avoid forcing the 
reamer into the orifice. These reamers 
may also enlarge or score the orifice 
wall to such an extent that the tip may 
become worthless. 

If an operator reams the tip from 
the outside (while the tip is fastened 
into the barrel) the oxygen should be 
turned on while the reaming is in pro- 
cess, This will help to blow particles 
out of the torch as soon as they are 
loosened, 

The same repairs, recommended 
for the seat and threads of a barrel 
are also applicable to threads and seat 
of the torch tip. 

The shape of the tip at the end where 
the gases burn is very important when 
one is attempting to secure a proper 
flame. Because of the constant high 
temperature the edges of the orifice 
tip wear away, thus widening or en- 
larging the orifice. Fig. 26-38 shows 
various defects which may affect proper 
tip operation. This bell-mouth prevents 
accurate and complete combustion, and 
enables the torch to blow out tooeasily. 
To remedy this condition the repairman 
may remachine the tip in a lathe, or 
he may file the tip until the bell- mouth 
is removed. The end of the tip must 
be 90 deg. to the orifice. If the end of 
the tip is not square to the orifice, an 
askew flame will result. A special tip 
end reamer is now available that en- 
ables the operator to recondition the 
end of the tip without removing it from 
the torch. 


26-32. REPAIRING REGULATORS 


As mentioned in CHAPTER 2, there 
are various types of regulators. The 
two fundamental designsin reference to 


repair work are the stem type and the 
nozzle type. Practically all regulators, 
regardless of the trade name, are re- 
pared by following the same general 
procedure. The two most common reg- 
ulator repairs are to the valve proper, 
which should not leak, and the dia- 
phragm which should not be buckled or 
injured in any way if the regulator is 
to maintain a constant pressure, 


26-33. REPAIRING NOZZLE-TYPE 
REGULATORS 


This type of regulator embodies the 
use of a diaphragm which controls the 
movement of the seat against a hard 
copper nozzle. The construction is 
sometimes called reverse valve and 
seat construction. The seat carriage is 
fastened to the diaphragm, and when 
the adjusting spring tensionis released, 
the compensating spring forces the seat 
tightly against the nozzle. It is impor- 
tant that the diaphragm be able to 
move freely in all positions to elim- 
inate any jumps or catches caused by 
the warping ofthe diaphragm. A buckled 
diaphragm can be detected by inspec- 
tion, Old diaphragms have a tendency 
to dish, or have a snap action, mean- 
ing that as the diaphragm moves inone 
direction, it will snap adefinite amount 
after passing the neutral point, pre- 
venting accurate adjustment of the reg- 
ulator over any pressure range (oilcan 
action). This action is usually the re- 
sult of worn diaphragms that have been 
in use long enough to cause weakening 
of the diaphragm metal, producing the 
dishing or snapping action. 

A buckled diaphragm, having a sur- 
face wrinkle, is usually the result of 
unskilled installation. A dished dia- 
phragm, or a warped diaphragm, may 
force the seat carriage from its true 
line and cause serious troubles by 
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making the seat carriage bind in its 
guides, It may also produce a leak at 
the nozzle and seat. It is important 
upon assembly of these regulators that 
all the parts work freely in order to 
secure the desired accuracy of seating. 

After a certain period of use, the 
seat should be either replaced or re- 
versed to provide a smooth surface to 
contact the nozzle, It is important that 
the part of the carriage holding the 
seat should be clean before the seat is 
installed, as a small dirt particle will 
throw it out of alignment. 

The nozzle, being made of hard cop- 
per and finely machined with anaccur- 
ately drilled opening or orifice, does 
not often require repair. Fig. 26-39, 
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Fig. 26-39. Nozzle-type regulator equipped with three 
reserve seats (shown in red). 


(Modern Eng. Co.) 


shows a regulator equipped with three 
spare seats installed in the regulator. 
However, under excessive abuse the 
end of the nozzle may become scored, 
In such cases the recommended pro- 
cedure is to replace the nozzle, inas- 
much as filing or sanding will not pro- 
duce a true surface, 

The inlet fitting of the high-pressure 
gases on all makes has been standard- 
ized as to thread size. The standards 


are explained in CHAPTER 2. The 
fittings are different for different 
gases; but all oxygen cylinders, for 
example, use the same type and size 
of fitting. It is standard practice to 
fasten all of the fittings to the regu- 
lator body by means ofa1/4-in, Briggs 
Standard pipe thread. 

The gauges or pressure indicators 
are also fastened into the regulators 
by means of 1/4-in, pipe fittings. The 
joint is often sealed by the use of 
litharge and glycerine paste, The inlet 
opening to the regulators is usually 
provided with a fine mesh screen 
(approximately 100 mesh) or a sintered 
metal filter. This screen should be 
cleaned as a part of the regulator repair 
operation, It is recommended that dur- 
ing the overhauling of regulators the 
various parts be buffed with a cloth 
buffing wheel, to remove any surface 
dirt clinging to them. Also the parts 
may be acid dipped either in a cold 
solution of cold nitric acid, or in a 
warm solution of sulphuric acid, Other 
cleaning solutions are also available, 
Great care must be exercised to pre- 
vent injury to the person when doing 
acid cleaning. Safety gogglesare 
strongly recommended, The regulator 
adjusting screw usually threads into 
the bonnet and frequently requires re- 
pair because of sticking or stripped 
threads. To lubricate these threads, 
glycerine or soap may be used (OIL 
MUST NEVER BE USED ON OXYACET- 
YLENE EQUIPMENT), Diaphragms are 
usually fastened to the body of the reg- 
ulator by being clamped between the 
body and the bonnet, The bonnet is 
either threaded to the body regulator, 
or is fastened by small cap or machine 
screws, The latter constructionis more 
easily repaired. However, the assembly 
in either case must be exceptionally 
well done or buckling of the diaphragm 
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Fig. 26-40. Set of regulator repair and assembly tools. 
(Victor Equip. Co.) 


results, spoiling the correct operation. 

When assembling the nozzle and seat 
type regulator it is important that the 
regulator adjusting screw be turned all 
the way in during the assembly. This 
applies particularly to the installation 
of the valve seat. If this is not done, 
the soft valve seat, sliding across the 
nozzle opening, may become perma- 
nently injured and prevent it from work- 
ing correctly. Special tools are avail- 
able for dismantling, repairing and 
assembling regulators as shown in 
Fig. 26-40, See PAR. 26-35 for instruc- 
tions on how to test a regulator. 


26-34. REPAIRING STEM TYPE 
PRESSURE REGULATORS 


The care required in handling the 
fittings, the adjusting screws, the dia- 
phragms, the body, and the bonnet 
apply to the stem type regulator as 
well as to the nozzle type. The con- 
struction of the valve proper, however, 
is different. The stem type of regula- 
tor, as explained in CHAPTER 2, uses 
a soft valve seat, usuallyrubber, 
against which a poppet valve is pressed 


by means of a spring and the gas pres- 
sure. The poppet valve stem passes 
through the valve seat opening, and the 
end of it is manipulated by the reg- 
ulator diaphragm. This stem is very 
seldom fastened to the diaphragm. Fig. 
26-41 illustrates a stem type regu- 
lator. It is forced against the seat by 


Fig. 26-41. Cylinder pressure (red) enters the regu- 

lator at the right. The valve mechanism is controlled 

by a stem which touches, but is not connected to dia- 

phram. The low-pressure gas (light red) is gas sup- 

plied to torch. The adjustment screw (top) is used to 
vary pressure supplied to torch. 


means ofa spring which presses against 
the head of the valve. Also the high gas 
pressure tends to force the valve 
against its seat. The valve and head 
are usually assembled in a housing or 
cage to assure their proper alignment. 
It also minimizes the amount of labor 
in assembling and insures that the 
valve and seat are gas tight. 
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26-35. TESTING REGULATORS 


To test a regulator after assembly, 
oxygen should be used for oxygenregu- 
lators, acetylene for acetylene regula- 
tors, Or, an inert gas may be used for 
either or both. A test for a regulator 
consists of: 


1. Mounting the regulator on the cyl- 
inder with the adjusting screw turned 
all the way out. 


2, Open the cylinder slowly. Watch 
the low-pressure gauge; if it starts to 
build up, close the cylinder valve 
quickly as the regulator control valve 
is leaking. 

3. Then turn the regulator adjusting 
Screw in to permit a certain pressure 
flow of gas. 


4. Stop the flow of gas by capping 
the outlet of the regulator (hose con- 
nection) and note the amount of pressure 
increase on the low-pressure gauge. 
If this pressure increases more than 
2 or 3 lbs. above the flowing gas pres- 
sure, either the nozzle fitting, or the 
stem is leaking slightly, or the parts 
are warped out of line, If the gas pres- 
sure creeps up steadily, it indicates 
that the moving parts are frozen within 
the guides, or that the valve is leaking 
badly. Occasionally after assembly, the 
regulator indicates a leaking valve. 
By tapping on the body ofthe regulator, 
it should immediately start to function 
correctly. This action usually indicates 
the presence of dirt between the valve 
and the valve seat, which lodged there 
during the assembly of the regulator. 

To test for smoothness of operation, 
or the accuracy of the setting of the 
regulator, proceed as follows: A small 
cylinder, with leakproof connections, 
should be attached to the outlet opening 
of the regulator (hose connection). This 
cylinder is equipped with an exhaust 


valve. After the regulator has been 
mounted on the high-pressure cylinder, 
and after the small cylinder is attached 
to the regulator, the regulator adjusting 
screw may be turned in slowly. For 
each turn of the regulator adjusting 
screw there should be a corresponding 
increase in the small cylinder pres- 
sure. Any fluctuations in the small 
cylinder pressure will indicate that 
the diaphragm is not moving smoothly, 
or that the valve or valve fitting is 
sticking or catching in its guide. With 
the low-pressure part or the regulator 
under a pressure of 10 or more psig, 
the body of the regulator should be 
tested for leaks, using a glycerine or 
soap solution, preferably a soap solu- 
tion. (NEVER USE OIL.) 

It is important to remember that 
acetylene regulators and gauges are 
tested on acetylene cylinders, with 
master gauges also connected to de- 
termine the operation; while oxygen 
regulators and gauges are tested on 
oxygen cylinders to determine their 
operation, NEVER TEST ACETYLENE 
PARTS WITH OXYGEN, OR OXYGEN 
PARTS WITH ACETYLENE. 


26-36. REPAIRING GAUGES 


Pressure gauges used as part of the 
oxyacetylene welding equipment are 
very important to the welder. He must 
rely on their accuracy implicity, both 
as a safeguard to his own safety and 
as a means of informing him that his 
torch is adjusted accurately. It is, 
therefore, needless to say that these 
gauges must at all times give accurate 
readings. A welding equipment repair 
shop should have master gauges. These 
master gauges inturn should be period- 
ically calibrated by the use of a dead- 


‘weight tester. By using these master 
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gauges and by connecting the master 
gauge and the gauge being tested toa 
common cylinder, or a common regu- 
lator, a repairman may easily detect 
discrepancies in gauge readings. 

Simple inaccuracies of gauge read- 
ings may be easily corrected. However, 
such items as a buckled Bourdon tube 
or a ruptured Bourdon tube cannot be 
satisfactorily repaired. Also broken 
hair springs usually necessitate the 
replacement of the complete gauge. 
The minor adjustment of a gauge for 
slight inaccuracies is usually taken 
care of by changing the length of the 
linkage which connects the end of the 
Bourdon tube to the gear sector, A 
jeweler's eyepiece and a set of 
jeweler's tools are handy for this type 
of work, Slight errors in gauge readings 
may also be repaired by removing the 
needle from its stem and setting it 
back on the stem in such a position 
as to correct the previous error, Use 
only a special puller to remove the 
needle, The use of pliers may bend the 
needle stem. 

To test for the accuracy of a gauge 
before returning it to service, the 
repairman usually proceeds as follows: 
The oxygen high-pressure gauge (3,000 
pound scale) should be tested with an 
inert gas. The other gauges having 
lower scale reading, may be tested 
by using the cylinder pressures of the 
gases, The repairman s houldkeepa 
quantity of gauges and replacement 
parts on hand to replace gauges which 
have been injured in service. A com- 
plete range of sizes varies from the 
2-1/2-in. diameter to the 4-1/2-in. 
diameter gauge, and from the 0 to 30 
lb. gauge, up to the 0t0 3,000 lb. gauge. 

Some regulators are now equipped 
with pressure indicator pin devices. 
Such units are less bulky than the 


gauges. 


26-37. REPAIRING WELDING 
HOSE AND FITTINGS 


Worn and/or leaky hose and fittings 
should always be replaced, Any at- 
tempts to repair cracked, cut, or other- 
wise leaky hose is dangerous. Much can 
be done to keep hose in good condition, 
Keep the hose protected from hot, 
sharp or abrasive situations, Protect 
the hose from being squashed by tires 
or heavy objects. Always roll up the 
hose and hang it up when it is notin 
use. Keep the hose away from oil and 
grease, 

Fasten the hose to the regulators 
and torch using ONLY approved fer- 
rules, nipples, and nuts. These fittings 
must be in good condition. Clamp the 
hose to the nipples using only the cor- 
rect size approved hose clamps, If a 
hose is removed from a nipple, cut 
away that part of the hose and insert 
the nipple in an undamaged end of the 
hose. Use only the proper size nipples, 
as the use of an improper size may 
damage the hose or cause a dangerous 
leak. 


26-38. REPAIRING ARC 
WELDING EQUIPMENT 


The maintenance and repair of arc 
welding equipment is an important 
part of a welding shop activity. This 
equipment too must be in good operating 
order if good welding results are to be 
obtained, Manufacturers maintain re- 
pair departments, large welding shops 
also have repair departments, Smaller 
shops usually have their repair work 
done by an equipment repair company. 

The work includes: 

l. Electrode holder repair. 

2. Cable repair. 

3. Motor-generator repair. 

A, Mechanical. 
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Fig. 26-42. Testing welding generator brush spring 


force. (Hobart Bros. Co.) 
B. Electrical. 

4. Transformer repair. 

5. Controls repair. 

6. Instrument repair. 


26-39. EQUIPMENT FOR REPAIRING 
ARC WELDING PARTS 


Repair shop equipment includes: 
1. Monorail or portable crane, 
2. Teardown bench. 
3. Cleaning station, 
4, Lathe large enough to hold motor- 
generator armatures, 
5, Arbor press. 
6, Electrical test equipment. 
A, Voltmeter. 
B. Ammeter. 
C. Ohmmeter, 
D, Continuity testers. 
7. Repair benche s equipped with 
vises. 
8, Grinder, buffer. 
9. Compressed air equipment, 


26-40. TOOLS FOR REPAIRING 
ARC WELDER PARTS 


Hand tools needed for repairing arc 
welding parts are the same as used for 
gas welding, with a few additions, such 
as: 

1. Cable connector tools. 

2. Set of Allen setscrew wrenches, 

3. Soldering guns. 


26-41. SUPPLIES FOR REPAIRING 
ARC WELDING EQUIPMENT 


Supplies for this type repair work 
include: 

1. Sandpaper. 

2. Solder and solder flux. 

3. Silver brazing wire and silver 
brazing flux. 

4. Cleaning solvent, 

5. Cleaning brushes (fiber and wire). 

6. Cleaning cloths. 

7. Electrodes, 

8. Grease. 

9. Paint, 

Replacement parts for welding equip- 
ment should be kept on hand or should 
be readily available, including: 

1. Generator brushes. 

2, Exciter brushes, 

3. Cable lugs. 

4, Cable connectors, 

5. Electrode holders. 

6. Cable ground clamps. 
7. Meters, 


26-42. MAINTENANCE OF ARC 
WELDING GENERATORS 


Arc welding motor-generators 
should be serviced regularly. The 
armature is a moving part and its 
bearings should be inspected at least 
twice a year. Covers should be re- 
moved, grease checked, and if oxi- 
dized or dirty, it should be replaced. 
Bearing grease space should only be 
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one half filled to allow for expansion 
and movement of the grease. Oxidized 
grease sometimes has a "sour" odor, 
This can be used as a means of identi- 
fying old grease. Excessive bearing 
wear can be determined by using adial 
indicator, and a lever to attempt to 
move the shaft (.001 in. is the usual 
maximum allowable clearance). 

Brushes and commutator need regu- 
lar care. The commutator must run 
true, brushes must fit commutator, 
contact surface of brushes should not 
be glazed, brushes should move freely 
but snugly in their holders, and the 
spring force pushing the brush against 
the commutator must be correct (manu- 
facturer's specifications). 

Only brushes recommended by the 
manufacturer of the machine should be 
used. Brushes vary considerably and a 
brush either too soft or too hard will 
result in poor service. 

If the commutator is sparking notice- 
ably while the generator is in use, the 
excessive sparking may be due to: 

1. An overloaded generator - check 
current output. 

2. Dirty, rough, or high mica com- 
mutator - clean the commutator, If 
this does not stop the sparking, com- 
mutator reconditioning is necessary. 

3. The spring force may be toolow - 
check with a scale. 

4. The brushes may be 
check for free movement. 

5. There may be loose or dirty con- 
nections - check with voltmeter or ohm- 
meter, 

6, There may be shorts, opens or 
grounds in the armature - check witha 
continuity light. 

7. There may be worn bearings - 
check with dial indicator. 

First it is important that the brushes 
and the commutator of an arc welding 
generator be kept in good condition, It 
is also important that the pressure of 


sticking - 


the brushes against the commutator be 
accurately measured and adjusted for 
correct tension, The welding equipment 
repairman should,therefore, be capable 
of turning the commutator on a lathe 
and he should also be able to accurately 
fit brushes to the commutator. The 
spring pressure of the brushes against 
the commutator should be carefully 
measured, using a small size, spring 
scale, This force should be tested at 
the point where the spring pressure 
presses on the brush. As the size of 
the brush and the brush material de- 
termines the spring force, secure the 
recommended force from the manu- 
facturer, and test as shown in Fig. 
26-42. The brushes should fit on the 
commutator so that full surface con- 
tact is obtained. This is done by placing 
fine sandpaper (2/0) onthe commutator 
with the sanding surface out and then 
putting the brush in its retainer, Slowly 
revolving the commutator will sandthe 
end of the brush into a true fit on the 
commutator, The commutator should 
be turned only in the direction it runs 
when the generator is in use. 

The machine and its parts should 
not be allowed to overheat. Air is 
usually used as the cooling medium. T'he 
cooling air must flow through the unit, 
The unit is equipped with a fan or fans 
and air flow spaces are built into the 
unit, The maintenance man must keep 
the fans and air passages clean. Donot 
install the unit in a restricted space or 
in a hot place, It is recommended that 
the unit be cleaned periodically--every 
two to three months, using clean dry 
compressed air, If air filters are used 
they should also be cleaned regularly. 


26-43. REPAIRING ARC WELDING 
MOTOR-GENERATORS 


Repairing of arc welding equipment 
is best performed by shops specializing 
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in this work, or by shipping the parts 
needing repair back to the manu- 
facturer. 

Motor-generator are of two types: 

1. Electric motor driven. 

2, Gasoline éngine driven. 

Repairing the gasoline engine is a 
specialty, and should be done by auto 
engine mechanics, Such engines are 
usually heavy-duty industrial engines 
but their design and service is similar 
to the auto engine, The one specialty 
the engine does have is, a governor 
which maintains a near constant engine 
speed when the welding load (current 
draw) changes. These engines shouldbe 
given a complete overhaul after ap- 
proximately each 2000 hours of oper- 
ation (follow the manufacturer's recom- 
mendation). 

The electric motor andthe generator 
usually have eye bolts or provisions 
for eye bolts to enable a portable hoist 
or an overhead crane to handle the 
parts, 

The brushes should be lifted from 
their brush holders while dismantling 
takes place. Be careful not to injure or 
burr the machined surface where the 
end bells fit on the frame. The unit 
should be completely dismantled and 
cleaned. 

Special pullers should be used tore- 
move end bells, and the parts should 
be firmly supported while the end bells 
are being removed, 

Use cleaning solvents that are not 
injurious to the motor or generator 
electrical windings. The cleaning 
should be done in a well-ventilated area. 
Special safety precautions must be 
taken when using cleaning solvents that 
are flammable or toxic. All grease 
should be removed from the bearings. 
The bearings should then be checked 
for wear and greased as recommended 
by the manufacturer. 

The armature should be checked for 


trueness, Mount the bearing journals 
in V blocks, and use a dial indicator to 
check the shaft alignment, Some shafts 
can be straightened by using an arbor 
press. The trueness of the commutator 
can also be checked at the same time, 
The commutator can be turned on a 
lathe if necessary. Cut away a mini- 
mum amount of metal, using a fine 
feed to obtain a true clean surface. An 
undercutting tool mounted on the tool 
rest of the lathe is used to groove the 
commutator, if this action is needed. 

The armature windings should be 
checked for continuity (a test light), 
shorts (an ohmmeter), and grounds (a 
test light). 

The field windings must also be 
checked electricallyi, e. for continuity, 
shorts, and grounds. 

The brush holders must be checked 
electrically. The brush springs should 
be tested for possible loss of strength. 

All brushes should be replaced if 
worn. New brushes should be shaped 
to fit the commutator. 

The bearing grease seals should be 
replaced if the bearings are not the 
self-sealing type. Bearings should be 
replaced, if worn. 

During assembly of the motor-gener- 
ator, all electrical connections should 
be cleaned and tightened. 

Great care should be taken when 
assembling the unit: 

1, Protect the windings from injury. 

2. Protect the mating machined sur- 
faces from nicks and burrs. 

The accessories of the unit require 
as much attention as the main parts: 

1. Rheostats. 

2. Multiple winding switches (current 
adjustments). 

3. Start and stop switches, 

4, Relays. 

5. Overload protection devices. 

The contact points of the switches 
should be carefullyinspectedand 
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cleaned, If badly worn or pitted, they 
should be replaced. The moving parts 
of the controls should be checked for 
wear, All the electrical circuitry should 
be checked for continuity and grounds. 
A voltmeter provides a quick way to 
determine if a resistance exists be- 
tween contact points while the poweris 
turned on. An ohmmeter can also be 
used. for this purpose. It has the ad- 
vantage of detecting poor connections 
with the power off. 


26-44. MAINTENANCE OF 
TRANSFORMER TYPE 
ARC WELDERS 


Transformer type arc welders pro- 
duce the following currents: 

Ll, AC. 

2. DC (Rectifier). 

3, AC or BC, 

Maintenance of these units is usually 
less than on the motor-generator units 
because there are fewer moving parts. 

These units need to be cooled. Air 
circulation is the medium used. Be- 
cause the basic unit has no moving parts 
to which a fan could be coupled, a 
separate fan motor is used tocirculate 
the air into and out of the unit, This 
fan should be checked periodically, 
cleaned and oiled if necessary. The 
unit should be cleaned with dry com- 
pressed air each two to three months. 
It is important that the unit be located 
in a place where sufficient cool air 
is available for cooling. An abrasive 
dust condition should be avoided. 

DC and the AC-DC units use recti- 
fiers to change the AC to DC. These 
rectifiers should also be kept clean. 


26-45. REPAIRING TRANSFORMER 
TYPE ARC WELDERS 


Repairing the transformer type weld- 
er is best done by a complete tear 


down operation, a thorough cleaning, a 
visual inspection, a mechanical in- 
spection, and an electrical inspection 
of all the components. 

These units quite often have hoisting 
connections to enable a chain fall, a 
portable hoist, or a crane to handle the 
heavy parts of the unit. 


26-46. REPAIRING ARC WELDING 
INSTRUMENTS 


Some arc welding machines are pro- 
vided with ammeters and voltmeters, 
either built as one meter or as two 
separate meters. These meters are 
delicate instruments and should be 
handled with care. In these instances 
where the ammeter and voltmeter are 
the same meter (use the same pointer 
or needle), the operator uses a switch 
button to change the meter reading 
from voltage to amperage. The dial is 
calibrated with two scales, a volt scale 
and an ampere scale. 

Occasionally the meters read from 
0 to maximum both ways, but usually 
the meter swings only in one direction. 
For example, some voltmeters read 
100 volts to 0 volts to 100 volts, and 
the ammeter reads from 400 amperes 
to 0 amperes to 400 amperes, but the 
more popular types usually read from 
0 volts to100 volts, andthe same meter, 
0 amperes to 400 amperes. As pre- 
viously explained, the voltmeter regis- 
ters both when arc welding is in prog- 
ress and when it is turned on but not 
being used. The welding arc must be 
operating, however, before anammeter 
reading may be taken. 

The voltmeter, when indicating the 
open circuit voltage gives only a rough 
approximation of the capacity of the 
machine. The closed circuit voltage, 
as shown in Fig. 26-43, is more im- 
portant, It is a good policy for the oper- 
ator to know at all times what the 
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Fig. 26-43. Testing arc potential (voltage drop across 
the arc) with a voltmeter. 


ampere reading of the machine is, when 
doing a particular welding job. He may 
obtain this reading by having the arc 
maintained in a protected booth, while 
he is standing in front of the machine, 
away from the arc, to observe the 
ammeter reading while the arc is being 
maintained, It is essential that the arc 
be of the correct length so the reading 
will be correct and not misleading, The 
longer the arc the less the ampere 
consumption; while the shorter the arc, 
the more the amperage. By having the 
electrode grounded and then by draw- 
ing an arc to the proper length, the 


variation of ampere flow will be as 
high as 50 amperes which shows it is 
essential that the arc be of the correct 
length. Fig. 26-44, shows the change 
in ammeter and voltmeter readings 
during open circuit, and after the arc 
is obtained. 

Before one may rely entirely on 
meter readings, the accuracy of the 
meters must be checked. This may be 
done by means of connecting master 
meters to the same machine, and by 
checking the reading of both meters 
while the machine is in operation. This 
may best be done by securing the 
services of a local electrical power 
engineer. An ammeter which may be 
applied to the circuit to obtain current 
flow readings is shown in Fig. 26-45, 
Electrical connections to the meters 
must be clean and tight, Meter re- 
pairing should be done only by a com- 
pany that specializes in this work. 


26-47. REPAIRING ARC WELDING 
CABLES AND CONNECTORS 


Cables and the cable connections for 
arc welding are important. The diam- 
eter of the cables determines to a 
considerable extent, the efficiency of 
the electrical conductor. The larger 
the cable, the more current the cable 
can carry and the less the resistance. 
Resistance decreases as the cable in- 
creases in diameter, as the cable gets 
shorter, and as the cable temperature 
lowers. On this same basis the longer 
the cable the larger the cable should 
be. If too small a cable is used the 
resistance to current flow becomes so 
large that the efficiency of the machine 
is destroyed. Poor cable installation 
results in poor arc welding. CHAPTER 
6, lists cable diameters for various 
current loads and for different lengths 
of run, In addition to the current 
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carrying capacity of the cables, tight 
connections where the cables are fas- 
tened to the arc welding machine, elec- 
trode holder, and ground are important. 
To test the efficiency of cables and 


OPEN CIRCUIT 


which the ground cable is fastened. 
Record the reading of the ammeter and 
the voltmeter. Next, use a large size 
cable of short length, connect the 
positive and negative leads of the weld- 
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Fig. 26-44. Ammeter and voltmeter readings during open and closed circuits. 


connections, the operator may proceed 
as follows: Start the machine and ad- 
just it to the medium capacity of the 
unit. Ground the electrode holder se- 
curely to the table or to the article to 


ing machine to each other (disconnect 
the regular cables). This action elimi- 
nates the cable runs, Start the machine 
and record the new voltage reading 
and ammeter reading. The difference 
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in the readings indicates the efficiency 
of the cables and connections, If the 
discrepancy is large, the cable should 
be overhauled and new connections 
made. However, small differences in 
the reading should be disregarded as 


WELDING 
i 


Fig. 26-45. An ammeter used to quickly check the 
current flow in arc welding cables. 


(Columbia Elec. Mfg. Co.) 


cables are not 100 percent efficient, 
Cable efficiency can also be checked 
by checking the potential (volts) drop 
along each cable and at each connection. 
An accurate voltmeter with needle point 
probes may be used to test these parts, 

A quick indication of a poor con- 
nection is overheating of the connection, 
The connection should be the same 
temperature as the cable, For example, 
if an electrode holder handle becomes 
too warm, it is an indication that the 
lead to the electrode holder connection 
is faulty. 

The connections where the cables are 
fastened to the machines and to the 
ground are usually made with large 
copper lugs, as shown in Fig. 25-46, 
The cable is either mechanically fas- 
tened, silver brazed, copper welded or 
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CUm iii, ape ee nm 
Fig. 26-46. Cable lug used for connecting welding 
cable leads to ground and to arc welding machine. 


soldered to the lug. This connection 
must be careful made or an in- 
efficient joint will result, Many types 
of connectors are on the market. Some 
provide for a quick disconnect joint 
between various cable lengths as shown 
in Fig. 26-47, A semipermanent cable- 


Fig. 26-47. Connections used to add cable lengths 
or remove cable lengths from an arc welding lead. Note 
setscrew method to fasten cable to fitting and quick 


disconnect cam lock. (Lenco, Inc.) 
to-cable connector using a mechanical 
screw to clamp the wire to the fitting 
is shown in Fig. 26-48, 

To solder a lug to a cable properly 
proceed as follows: 

1. Carefully clean the surfaces to 
which the solder is to adhere, using 
cleaning materials. 

2. Heat the lug to a temperature 
sufficient to melt and flow the solder. 

3. Put clean solder paste in the lug 
cavity (to clean it chemically). 

4. Fill the cavity in the lug (into 
which the cable end is to be inserted 
with solder. l 

5. After the solder has been worked 
until it wets the inner surfaces of the 
cavity, excess solder is removed, 
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6. Clean the cable with sandpaper and 
cover the wires with soldering paste. 

7. Insert the cable end intothe cavity. 
The two are then reheated to make the 
solder flow. The lead must be firmly 
supported as any movement during the 
time the solder is solidifying will re- 
sult in a poor joint. 

8. The soldered connection is then 
cooled. The joint can be cooled quickly 
by using wet cloths or spraying water 
on the joint. 

A good mechanical joint may be 
made by forming the copper lug in a 
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Fig. 26-48. Semipermanent cable to cable connector 
fitting. Note setscrews for clamping cable to fitting. 
The middle hole is for holding insulation cover in place. 


fixture to create a clamping action on 
the copper wires as shown in Fig. 
26-49. The method can be used for 
either fastening cables together or for 
fastening a cable to a lug. The pro- 
cedure for making the connection is 
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Fig. 26-49. A metal forming method for making cable 
connections. (TWECO Products, Inc.) 


shown in Fig. 26-50. It is important to 
clean the surfaces to be clamped to- 
gether before assembly. Because this 
is a cold-forming process, there is no 
danger of overheating the cable wires 
or the insulation, 
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Fig. 26-50. Forming barrel of a cable lug to obtain a 
connection between the cable and lug. 


26-48. REPAIRING ARC WELDING 
SWITCHES AND STARTERS 


Most arc welding machines are pro- 
vided with a device which will stop the 
power supply if the motor starts to 
consume more current that it should, 
These devices, called overload relays, 
consist of a heating coil through which 
part or all of the electrical current is 
passed. This control is of sufficient 
size to carry any normal welding load 
without becoming overheated. However, 
if too much current attempts to pass 
through the wire, the temperature rises 
to the point where it will either melt 
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some of the solder and release a trigger 
device which will open the electrical 
circuit, or the heat will bend a bi- 
metal strip which, upon bending, actu- 
ates a trigger device to interrupt the 
electrical circuit. These devices are 
provided with means by which they 
may be reset by the operator. Such 
devices offer very little trouble un- 
less the heating element is pressed 
too close to the solder or to the bi- 
metal strip which it actuates. Also the 
contact points, which the trigger de- 
vice manipulates, may become cor- 
roded, resulting in overheating and an 
inefficient current supply. 

Inasmuch as the average welding 
motor size varies between 10 and 15 
HP, it is impractical to start the motor 
by using an ordinary knife switch or 
button switch, This type of switch would 
arc excessively. Such machines are 
equipped with a magnetic starting ap- 
paratus which is controlled by a simple 
push button control, This magnetic 
starter consists of a large point switch 
usually of three point contact con- 
struction. The switch must be oper- 
ated with considerable snap action to 
minimize arcing. To operate with snap 
action an electromagnet is used to pull 
the contact points into place. When the 
operator presses the starting button, 
a small quantity of current is passed 
through an electromagnet, This electro- 
magnet immediately moves a soft steel 
laminated core which is connected to 
the moving part of the large trigger 
contact switch. When the core and 
contact move, this completes the elec- 
trical circuit to the motor. It may be 
of interest to know that practically all 
arc welding motors use three-phase 
current and, therefore, the motor is 
not provided with brushes or centrifugal 
switches, In these, motors need only 
occasional cleaning and oiling. 


26-49. MAINTENANCE OF 
RESISTANCE WELDING 
EQUIPMENT 


Resistance welding is used exten- 
sively in production work. A factory 
that has sufficient units, will generally 
have its own maintenance, repair and 
setup department. 

Manufacturers maintain a force of 
technicians to help the users of their 
equipment. Most manufacturers also 
have overhaul facilities, 

A good maintenance policy is essen- 
tial to assure high quality work, and to 
minimize repair work. 

Resistance welding machines consist 
of: 

1, Frame. 

2. Transformer, 

3. Electrodes. 

4, Mechanism formovingelec- 
trodes, 

5. The mechanism for holding work, 

6, Electrical circuits. 

7. Pneumatic circuit, 

8. Hydraulic circuit, 

0. uil Scipeutt: 

10. Cooling circuit, 

The proper installation of the right 
capacity unit will, as in other mecha- 
nisms, reduce maintenance and repair. 

The electrodes must be kept clean 
and in proper shape. The operator 
usually does this job, or he may simply 
change electrodes. 

The maintenance man checks the 
pneumatic system, The air pressure 
must be correct, the filters must be 
kept clean, the water traps must be 
drained and the lubricators must be 
kept in good condition. The system 
should be periodically checked. Hy- 
draulic system pressure must be 
checked, filters cleaned, and the sys- 
tem checked for leaks, The maintenance 
man should have a maintenance manual 
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available for the particular machine 
and make frequent use of the manual 
for reference. He should understand 
about the circuits--water, oil, and air. 
He should know how to adjust each 
control valve and how to check the 
controls, Instruments are a necessity 
when checking resistance welding 
equipment. CHAPTERS 14 and 21 de- 
scribe instruments for measuring elec- 
trode force, current flow, welding cy- 
cles and the like. 

Some of the most common resistance 
welding "DOs and DON'Ts" as identi- 
fied by P. R. Mallory and Co. are 
as follows: 


DOs 


1. Use the proper electrode material 
for the job you are doing. 

2. Use standard electrodes wherever 
possible. 

3. Use the most suitable tip diameter 
for the thickness of the stock being 
welded. 

4. Connect the water inlet hose to the 
proper holder inlet so that water flows 
through the center cooling tube first. 

5. Cool spot-welding tips internally 
with cool water flowing at a rate of at 
least 1-1/2 gal. per minute through 
each tip. 

6. Be sure that the internal water- 
cooling tube, of the holder projects 
into the tip water hole to within 1/2 
in. of the tip- hole bottom. 

7. Be sure that the top of the adjust- 
able water-cooling tube in the holder is 
cut at an angle to avoid jamming the 
tip down and shutting off the water. 

8. Place a thin film of cup grease on 
the tip taper prior to inserting it inthe 
holder. This will make it easier to 
remove. 

9. Use ejector-type holders for easy 


removal of tips and to avoid damage to 
tip walls. 

10. Keep the tip taper and holder taper 
clean, smooth and free from foreign 
deposits. 

11. Dress spot-welding electrodes 
often enough to maintain weld quality. 
12. Dress electrodes to their original 
contour in a lathe whenever possible. 
13. Clean and tighten regularly all 
electrical connections in the secondary 
erreult, 

14, Keep the welder throat area to the 
minimum permissible dimensions. 

15, Lubricate the resistance welder's 
motor, gears and slides at periodic 
intervals, 

16, Calibrate all pressure-applying 
mechanisms so that the exact welding 
pressure can always be known. 

17, Clean--either chemically or me- 
chanically--all material to be welded 
that has dirty, scaly, oxidized or other- 
wise contaminated surfaces. 

18, Use suitable automatic current- 
timing devices. 

19. Have all timing devices suitably 
calibrated. 

20. Use synchronous electronic timing 
controls for short timing periods or in 
the welding of materials having critical 
weldability. 

21, Mount timing devices rigidly to 
protect them from vibration or abuse 
and mount them for ready servicing. 
22. Use synchronous controls, provid- 
ing interrupted timing periods, in all 
seam-welding applications. 

23. Use electronic or magnetic welding 
contactors developed specifically for 
welding applications, 

24, When using an ignitron control with 
a welder drawing less than 40 amperes 
from the line, provide a load resistor 
across the primary so that the current 
does not fall below 40 amperes. 

25. Keep all electrical contacts in re- 
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lays, switches and contactors in good 
condition by frequent inspection and 
dressing or replacement if necessary. 


DONT's 


1. Never use unidentified electrodes 
or electrode materials. 

2. Avoid special, offset or irregular 
tips when the job can be done with a 
standard straight tip. 

3. Don't use small tips on heavy- 
gauge welding jobs, or large tips on 
small work. 

4, Never use water hose that will not 
fit the holder water-connection nipples 
snugly. 

5. Do not allow water connections to 
become leaky, clogged or broken. 

6. Avoid using holders with leaking 
or deformed tapers. 

7. Do not permit the adjustable water 
tube to be "frozen" by an accumulation 
of deposits, A few drops of oil period- 
ically will keep the tube free. 

8. Do not allow electrodes to remain 
idle for extended periods in tapered 
holder seats. 

9. Don't use pipe wrenches or similar 
tools to remove electrodes. 

10. Avoid the use of white lead or 
similar compounds to seal a leaking 
taper. 

11. Never permit a spot-welding tip to 
mushroom enough to make dressing 
difficult. 

12. Never dress electrodes with a 
coarse file, 

13. Don't permit flash particles to 
accumulate onthe welding transformer. 
14. Do not use a long welder.arm ex- 
tension or a wide arm separation unless 
the shape of the parts to be welded 
necessitates it, 

15. Shun lubricants which are not rec- 
ommended by the welder manufacturer. 
16. Never permit sliding pressure 


members to become tootight or jammed 
since this will increase the frictional 
forces and inertia of the moving mem- 
bers. 

17. Never weld unclean metals, scaly 


stock or metals with poor surface 
condition. 
18. Avoid the use of slow-operating 


magnetic contactors if you are doing 
precision work, 

19. Do not employ nonsynchronous tim- 
ing devices for welding materials with 
critical welding characteristics--i.e., 
aluminum, magnesium and brass, 

20. Avoid expensive synchronous tim- 
ing devices for long timing, noncritical 
applications. 

21. Don't use welding contactors or 
ignitron controls of capacity not within 
the rating of the welding machine and 
duty cycle of the application. 

22. Never operate a synchronous ig- 
nitron control with the secondary of 
the welder open circuited, 

23. Never use nonsynchronous timing 
devices for short timing (less than 
4 or 5 cycles). 

24. Don't expect the timer to operate 
satisfactorily if the limit relay or 
switch in the timer-welder circuit 
chatters, or the contacts are oxidized 
or pitted. 

25. Do not expect the timer to provide 
uniform timing pulses if the primary 
voltage regulation is poor. Ascertain 
timer manufacturer's recommended 
limits of voltage variation. 


From Resistance Welding Data Book published by P. R. 
Mallory and Co., Inc. 


26-50. REPAIRING RESISTANCE 
WELDING EQUIPMENT 


Resistance welding machines should 
be reconditioned after extensive use. 
However, before repairs or overhauls 
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are attempted, it is important to accu- 
rately justify this procedure. Some- 
times a machine will fail to perform 
without the actual machine being at 
fault. 

The maintenance staff should check: 

1. The electrical supply. There 
should be sufficient voltage andcurrent, 
and the supply should be constant. 

2. The water supply. The pressure 
and volume should be sufficient and 
should be steady. 

3. The hydraulic, pneumatic, and oil 
circuits should be checked in asimilar 
manner. 

Only after local resources have 
checked the equipment and diagnosis 
proves that the machine needs recon- 
ditioning, should the factory repre- 
sentative or field service manbe asked 
to help. 

The electronic controls on the re- 
sistance welders are in most cases 
too complex for the ordinary shop to 
repair, and it is recommended that a 
manufacturers' representative be con- 
sulted and his recommendations fol- 
lowed in reference to making the nec- 
essary repairs andadjustments, 
Ordinarily, in a radio or television, 
one can determine if a tube is bad if 
it does not light or if some character- 
istic of the set changes when the tube 
is tapped. Welding control tubes light 
only intermittently and for very short 
periods, so it is hardly possible to 
check by sight, or by tapping. 

Electrical controls can be checked 
in the shop with a minimum of equip- 
ment, but best results are obtained if 
a manufacturer's representative does 
the repairing. The solenoids used for 
controlling the flow of the gases or 
coolant are normally the trouble area 
when no flow takes place or when flow 
occurs with the machine turned off, 
The solenoid can be removed and tested 


to determine if the valve is moving 
freely and if not, it should be replaced, 
With the gas solenoid closed and the 
electrode holder removed from the 
economizer valve, if the flowmeter 
indicates a reading, the solenoid valve 
must be leaking slightly. 

With the water solenoid closed there 
should be no water flowing in the water 
line. This can be checked by discon- 
necting the water line at the electrode 
holder or at the outlet of the solenoid 
valve, 

The cables, wires, and electrical 
components in the various circuits may 
be checked for excessive resistance by 
testing the voltage drop in a line or 
across an electrical component with a 
voltmeter and checking the readings 
with the manufacturer's allowable loss. 
If the voltage drop is found to be ex- 
cessive, the connections should be 
cleaned and tightened or the wire, 
cable, or part replaced and retested. . 
Complete overhauls which involve com- 
plete teardowns, and rebuilding are best 
done by the manufacturer. 

Parts, such as condensers, trans- 
formers, and rheostats, may be checked 
by a qualified electrician. 


26-51. REVIEW OF SAFETY 


All the safety procedures described 
throughout the text also apply to the 
various types of welding shops ex- 
plained in this chapter. 

Adequate ventilation, eye protection, 
protective clothing are all necessary. 
Safety shoes should be worn at all 
times when handling weldments and 
when repairing equipment. 

Some of the precautions one must 
take when working in a welding shop 
are as follows: 

1. Cranes and hoists must be peri- 
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odically, inspected for condition of 
cables, hooks, clamps, rails, and the 
like. 

2. Ventilation ducts and air-moving 
equipment must be periodically 
inspected, cleaned, and moving parts 
lubricated, 

3, Aisles in the shop should be clear- 
ly marked and kept clear of material 
and equipment, 

4. When heavy equipment is being 
moved all personnel in the vicinity 
should be alerted and should be moved 
out of potentially dangerous positions. 

5. Periodic inspections should be 
made of all safety equipment and sup- 
plies in the shop. 


26-52. TEST YOUR KNOWLEDGE 


1. Describe the different types of 
welding shops. 

2. Name some fundamental functions 
of a preheating furnace. 

3. How are jigs and fixtures used in 
welding? 

4. Describe two uses of a power 
grinder in the welding shop. 

5. What parts of a pressure regulator 
need most frequent repair? 

6. What materials are regulators and 
torches mostly made of? 

7. How is a leaky regulator valve 
detected? 

8, What is acommon method of fasten- 
ing the diaphragm tothe regulator body? 

9. How may a buckled diaphragm be 
detected? 
10, When assembling a regulator, 
should the adjusting screw be turned 


all the way into the bonnet or all the 
way out? 

11, Of what use is a portable spot 
welder in a welding shop? 

12. Why is it important not to mar the 
surface of the mixing chambers? 

13. What is the result of particles 
partly clogging the tip orifice? 

14. What lubricant may be used on oxy- 
acetylene equipment? 

15. What may be the result of a bell- 
mouth tip orifice? 

16. What material may be used to seal 
pipe threads? 

17. What is the result of a loose con- 
nection in an arc welder? 

18. How may one determine ifthe com- 
mutator brushes do not fit the commu- 
tator correctly? 

19. What is the harmful result of a 
poor connection in an arc welding 
generator circuit? 

20. What source of energy is used to 
energize a power wrench? 

21. What method is used to shape the 
generator brush to correct fit quickly? 
22. What is used to drive the generator 
in mobile arc welding equipment? 

23. What is the difference between 
voltage and amperage ? 

24. Do all arc welding machines have 
both an ammeter and a voltmeter? 

25. What is the approximate voltage 
drop across the arc when using covered 
electrodes? 

26, What are some of the causes of 
excessive voltage drop? 

27. What is the result of excessive 
voltage drop? 

28, Does electricalresistance increase 
as the cable temperature increases? 
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Chapter 27 


PROCEDURE AND 
WELDER QUALIFICATIONS 


Present-day welding involves many 
joining processes, Articles and struc- 
tures fabricated by welding must pro- 
vide satisfactory service. A satisfac- 
tory assembly depends on: 

1, Proper materials. 

2. Proper design. 

3. Proper assembly procedure, 

4, Properly made joint (quality con- 
trol). 

There are many situations where 
structures must safely serve the public 
interest, including: 

1. Buildings. 

2. Bridges. 

3. Pressure vessels. 

Government authorities and associ- 
ations have developed minimum stan- 
dard or codes to assure that the struc- 
tures are safe. This is for human 
safety, structure safety, also for the 
economic operation of the structure. 

Federal, state, county, and local 
governments have building and safety 
codes. Insurance companies andinsur- 
ance associations have safety 
standards. Professional associations 
have recommended practices. 

The design, manufacture, and use of 
welding equipment and supplies have 
also been influenced by codes and 
standards. 


27-1. GOVERNMENT AGENCIES 


Some of the governmental codes and 
standards are established by the fol- 
lowing agencies: 

Interstate Commerce Commission-- 
cylinders, design, construction, 
content, etc. 
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Federal Aeronautics Adminis- 

tration--aircraft welding. 

Military Specifications (MIL) 
Bureau of Ships (BUSHIPS). 
Bureau of Ordnance (BUORD). 

U. S. Army Ordnance. 

U. S. Navy. 

Bureau of Aeronautics, 

Air Force. 

UL SX Army, 

Bureau of Standards, 

Bureau of Mines. 

The American Bureau of Shipping. 
U. S. Coast Guard, 


27-2. ASSOCIATIONS AND SOCIETIES 


Some associations and societies that 
have established codes, standards and/ 
or tentative standards are: 

American Standards Association-- 
Code for Pressure Piping (Section 31). 

American Welding Society (AWS)-- 
Code for Arc and Gas Welding in 
Building Construction and the like. 

American Petroleum Institute-- 
Standard for Field Welding of Pipe 
Lines (1104). 

American Society of Mechanical 
Engineers (ASME)--Boiler Construc- 
tion Code, Boiler and Pressure Vessel 
Code (Section 1, Power Boilers), Un- 
fired Pressure Vessel Code (Section 
VIID, Boiler Welding, Piping Code. 

American Society of Testing Mate- 
rials (ASTM). 

Society of Automotive Engi- 
neers (SAE). 

American Institute of Steel Construc- 
tion. 

Association of American Railroads-- 
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Operation and Maintenance Division. 

Heating and Piping Contractors Na- 
tional Association, 

American Society of Metals, 

Resistance Welder Manufacturers' 
Association (RWMA). 

American Institute of Electrical En- 
gineers, 

Tubular Exchanger Manufacturers' 
Association, Inc. 


. 27-3. EQUIPMENT STANDARDS 


The equipment used to provide energy 
to perform welding must be designed 
and built to perform its task satisfac- 
torily, and do it safely. The machine 
capacities must be standardized to en- 
able equitable comparisons and to 
enable the purchasers to know that the 
mechanism will do the job. 

Several organizations have estab- 
lished standards and/or tenta- 
tive standards to provide these ser- 
vices: 

American Welding Society (AWS). 

National Welding Supply Association 
(NWSA). 

National Gas Products Association 
which includes the former International 
Acetylene Association (IAA). 

National Electrical Manufacturers' 
Association (NEMA). 

Underwriters Laboratories (UL). 

Resistance Welder Manufacturers' 
Association (RWMA). 

National Safety Council. 

The National Board of Boiler & Pres- 
sure Vessel Inspectors. 


27-4. INSURANCE COMPANIES AND 
ASSOCIATIONS 


Some of the insurance companies or 
associations that have established stan- 
dards for eligibility for insurance 
where welding is done or used are: 

National Board of Fire Underwriters, 


Underwriters Laboratories. 

National Fire ProtectionAssociation. 

Factory Assurance Corporation. 

The Hartford Steam Boiler Inspec- 
tion & Insurance Co. 

Lloyd's of London. 

Lloyd's Register of Shipping Rules 

and Regulations. 


27-5. AMERICAN WELDING 
SOCIETY CODES 


It is important to check todetermine. 
which codes and standards apply toa 
particular welding situation, then com- . 
ply with these codes and standards. 

Copies of the codes and standards 
are readily available from the Ameri- 
can Welding Society or from most local 
building and safety departments. 


27-6, STANDARD QUALIFICATION 
PROCEDURE (TENTATIVE) 


The American Welding Society (AWS) 
recognized the need for standardizing 
both the procedures for performing 
welds and the methods by which qualifi- 
cations of welders may be determined. 
Accordingly, for many years, the So- 
ciety has issued "Codes" and "Recom- 
mended Practices." 

The Standard for Qualification of 
Welding Procedures and Welders for 
Piping and Tubing is contained in the 
American Welding Society Publication 
D10.9-69, 

Through the courtesy of the Ameri- 
can Welding Society, we present in the 
following paragraphs necessary infor- 
mation for both Procedure Qualifica- 
tion Part I, and Operator Qualification 
Part II from Code B3.0-41T. 


27-7. FOREWORD 


It is recognized that the quality of 
arc- and gas-welded joints will be 


27-2 


Procedure and Welder Qualifications 


ZEREE 


A mobile arc welding unit has many welding heating applications. 


determined by the specific welding 
procedure used and by the ability of 
the welding operator to apply that pro- 
cedure. Predictable results as to the 
physical properties and soundness of 
such joints can be secured only by 
adherence to a procedure of welding 
that has been thoroughly investigated. 
It cannot be expected that good results 
will be obtained, even by careful and 
painstaking workmen, if poor material, 
inadequate or worn out equipment are 
used, or if fundamentally improper 
methods are pursued, Nor can the pur- 
pose of welding be obtainedby the mere 
adoption of a carefully outlined pro- 
cedure of welding, ifthe welding opera- 
tors have not been given a certain 
degree of training and are not properly 
supervised to be certain that allessen- 
tial details of the specific procedure 
for welding are followed. 

In arc and gas welding, the physical 
properties of the weld metal, such as 


à 


E." 


(Hobart Bros. Co.) 


tensile strength and ductility, will be 
determined by the particular procedure 
of welding that is used. The reliability 
of the welded joint will be determined 
by the degree to which that weld metal 
is kept free of foreign materials, such 
as slag, and by the degree to which it 
is fused to the base material, Under a 
fixed procedure of welding these two 
latter factors are the only ones over 
which the welding operator has control. 
It is considered unnecessary, there- 
fore, to test welds of every operator 
for tensile strength and ductility. 

It is the belief of the Committee that 
the first step in welding must be the 
adoption of a procedure of welding in 
which allessential variables are fixed 
within definite limits, The procedure 
for welding should then be investigated 
to determine whether it will produce 
welds with the desired physical prop- 
erties. The tests required for a weld- 
ing operator are included in the in- 
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vestigation of a welding procedure 
because there have been many instances 
wherein failure to obtain results has 
been attributed to the inability of the 
operator when the difficulty lay in the 
fundamentals of the procedure. Having 
established that a given procedure is 
satisfactory, comparatively sim- 
ple tests, intended primarily to deter- 
mine the ability of anindividual to make 
a sound weld, may then be used for the 
qualification of welding operators, 

In Part I there is given the method 
to be pursued in investigating and qual- 
ifying a welding procedure, while Part 
II outlines the method of qualifying 
welding operators, 

There are several variables involved 
in any procedure of welding, and if 
predictable results are to be obtained, 
certain limitations must be placed upon 
those variables before the procedure 
for welding is tested, Having fixed upon 
these limitations, it is necessary that 
some tolerance or degree of departure 
from a given limitation of a variable, 
as stated in a procedure specification, 
be recognized as permissible without 
requiring that a retest of the procedure 
be made, Such departures from a fixed 
procedure of welding as might affect 
the predictable results to be obtained, 
may be referred to as essential 
changes. The tests which must be made 
to determine the effect that a given 
essential change will have upon the pre- 
dictable results will depend upon the 
nature of that change, In some cases 
a test of the procedure for welding, 
embodying the change, will be nec- 
essary, in other cases a test of the 
welding operator only will be sufficient, 
and in still other cases a test of both 
the new procedure and the individual 
operators will be required, 

A tabulation of the variables and of 
those changes in variables which are 


considered to be essential changes, 
together with the type of investigation 
necessary--whether of procedure, 
operator, or both--is given in PAR. 
27-9, 

The Committee has given much 
thought to the need for simplification 
of the test of a welding operator, and 
the type of tests outlined herein are 
designed to ascertain that the operator 
has a sufficient knowledge of, and the 
skill to apply, a procedure of welding 
under average conditions. For this pur- 
pose, a special shape of welding groove, 
intended to be used only for operator 
test specimens, has been adopted. 

The Committee has also been seek- 
ing and now presents a type of operator 
test specimen for fillet welded joints 
that may be readily tested in a guided 
bend test jig, thus providing a test 
that is not only inexpensive and simple 
to make, but also one that avoids ques- 
tion of judgment as to the results 
obtained, 

It is the conviction of the Committee 
that there are so many essentialfactors 
involved in the successful application 
of arc and gas welding, embracing such 
items as quality of filler metal, adapt- 
ability of the welding procedure and 
equipment, facilities provided for pre- 
paring the work, etc., that the manu- 
facturer or contractor alone should be 
expected to be responsible for the 
integrity of the finished weld. It should 
be borne in mind that is is the manu- 
facturer or contractor who is finan- 
cially responsible for the quality ofthe 
welding performed and that in the case 
of failure thereof the welding operator 
assumes no share of the financial 
burden. In these rules, therefore, the 
entire responsibility for quality of the 
welding performed will be assumed to 
lie withthe manufacturer or contractor, 

The Committee will be pleased to 
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A manually operated spot welder in operation. Note the water cooling to the electrodes. (Delta Co.) 


provide any interpretations that may 
assist in the application of this 
standard. 


27-8. GENERAL 


These rules are intended to apply 
only to the manual application of the 
arc- and gas-welding processes, and 
to those ferrous metals which in their 
unwelded condition will meet the re- 
quirements of the guided bendtest pre- 
scribed herein, 

Each manufacturer or contractor 
shall be responsible for the quality of 
the welding done by his organization 
and shall conduct tests not only of the 
welding procedure to determine its 
suitability to ensure welds which will 
meet the required tests, but also of 
the welding operators to determine 


their ability to make sound welds under 
standardized test conditions, 

It is assumed that the manufacturer 
or contractor has an organization fa- 
miliar with the various welding codes 
and capable of designing, engineering 
and supervising welded construction. 

Rules for the qualifications of a 
welding procedure are given in Part 
I. Rules for qualifying operators fol- 
low in Part II. 


PART | - PROCEDURE 
QUALIFICATIONS 


27-9. LIMITATION OF VARIABLES 


A. The procedure of welding to be 
followed in construction shallbe estab- 
lished and recorded by the manufacturer 
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or contractor as a Procedure Speci- 
fication, and in the investigation to 
qualify this procedure, the Procedure 
Specification shall be followed. Recom- 
mended forms for the Procedure Speci- 
fication are shown in PAR. 27-31. It is 
not necessary that these exact forms be 
used, but the information contained 
therein should be set forthinany alter- 
nate form which is adopted. 

B. If any changes are made in apro- 
cedure, the Procedure Specification 
shall be revised or amended to show 
these changes. 

The changes set forth in the follow- 
ing schedule shallbe considered essen- 
tialchanges and shall require requali- 
fication of the procedure or operator 
or both, Any change marked "P" or 
"PO" shall require requalification of 
the procedure; any change marked "P0" 


or "0" shall require requalification of 
the operator. 

P 1.A change in the specification 
of base metal to be welded from one 
"P" Number to another "P" Number. 
(See Fig. 27-1.)* 

PO 2. A change in the specification 
of base metal to be welded from one 
"Q" Number to another "0" Number. 
(See Fig. 27-1.) 

PO 3. A change in filler metal from 
one American Welding Society Speci- 


* When any ''P'' group in Fig. 27-1 contains ma- 
terials having specified minimum tensile strengths 
higher than the tensile strength obtained in the actual 
procedure qualification tension test, it may be de- 
sirable for governing codes to require procedure quali- 
fication using these higher tensile materials before 
they can be welded in actual construction. 

**See American Welding Society filler metal 
specifications. 


«D? Number 1—“O” Number 1 


Materials in this group shall not have a carbon content exceeding 0.30 per cent, a 
manganese content exceeding 1.10 per cent, or a silicon content exceeding 0.50 per cent, 


as determined by ladle analysis. 


In addition, the carbon content by percentage shall 


not exceed the value 0.55 — MAS) , where Mn is the percentage of manganese and 

Si is the percentage of silicon. 

A. S. T. M. Spec. No. Name 

A-7 Steel for Bridges and Buildings 

A-10 Mild Steel Plates 

A-30 Boiler and Firebox Steel for Locomotives 

A-53 Welded and Seamless Steel Pipe 

A-70 Carbon-Steel Plates for Stationary Boilers, etc. 

A-78 Low Tensile Strength Carbon Steel Plates of Structural 

Quality for Welding 

A-83 Ln irm and Seamless Steel and Lap-Welded Iron Boiler 
ubes 

A-87 Grade Al Carbon-Steel and Alloy-Steel Castings for Railroads 

Grade A2 Carbon-Steel and Alloy-Steel Castings for Railroads 
A-89 Low Tensile Strength Carbon-Steel Plates of Flange and 
Firebox Quality 

A-105 Fee or Rolled Steel Pipe Flanges for High-Temperature 
rvice 

A-106 Grade A E and Seamless Steel Pipe for High-Temperature 
rvice 

Grade OH Lap-Welded and Seamless Steel Pipe for High-Temperature 


Service 
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A-107 Grade 1 Commercial Quality Hot-Rolled Bar Steels 
Grade 2 Commercial Quality Hot-Rolled Bar Steels 
Grade 3 Commercial Quality Hot-Rolled Bar Steels 
Grade 4 © Commercial Quality Hot-Rolled Bar Steels 
Grade 5 Commercial Quality Hot-Rolled Bar Steels 
Grade 17 Commercial Quality Hot-Rolled Bar Steels 
A-113 Structural Steel for Locomotives and Cars 
A-120 Black Welded and Seamless Steel Pipe, etc. (Galvanized 
pipe not included) 
A-129 Open-Hearth Iron Plates of Flange Quality 
A-131 Structural Steel for Ships 
A-134 Electric-Fusion-Welded Steel Pipe (Size 30 in. and over) 
A-135 Electric-Resistance-Welded Steel Pipe 
A-136 Forge-Welded Steel Pipe 
A-139 Electric-Fusion-Welded Steel Pipe (8 in. to but not includ- 
ing 30 in. diam.) 
A-155 Electric-Fusion-Welded Steel Pipe for High-Temperature 
and High-Pressure Service 
A-178 Grade A Electric-Resistance-Welded Steel and Open-Hearth Iron 
Boiler Tubes 
Grade B Electric-Resistance-Welded Steel and Open-Hearth Iron 
Boiler Tubes 
A-181 Forged or Rolled Steel Pipe Flanges for General Service 
A-192 Seamless Steel Boiler Tubes for High-Pressure Service 
A-201 Carbon-Silicon Steel Plates of Ordinary Tensile Ranges 


A-215-39T Grade N-1-W Carbon-Steel Castings Suitable for Fusion Welding, etc. 
Grade A-1-W Carbon-Steel Castings Suitable for Fusion Welding, etc. 
Grade A-2-W Carbon-Steel Castings Suitable for Fusion Welding, etc. 
Grade A-3-W Carbon-Steel Castings Suitable for Fusion Welding, etc. 

A-216-40T Grade WCA . Carbon-Steel Castings Suitable for Fusion Welding, etc. 


(to 850? F.) 
A-235-40T Grade A Carbon-Steel Forgings for General Industrial Use 
Grade B Carbon-Steel Forgings for General Industrial Use 
Grade C Carbon-Steel Forgings for General Industrial Use 
A-236-40T Grade A Carbon-Steel Forgings for Locomotives and Cars 


«Dp? Number 2—':O" Number 1 


A-42 Wrought-Iron Plates 

A-72 Welded Wrought-Iron Pipe 

A-73 Wrought-Iron Rolled or Forged Blooms and Forgings 
A-162 Uncoated Wrought-Iron Sheets 

A-207 Rolled Wrought-Iron Shapes and Bars 


«p? Number 3—‘‘O”” Number 1 


Materials in this group shall not have a carbon content exceeding 0.35 per cent, a 
manganese content exceeding 1.50 per cent, or a silicon content exceeding 0.50 per cent, 
as determined by ladle analysis. In addition, the carbon content by percentage shall 
not exceed the value 0.65 — Cora) , Where Mn is the percentage of manganese 


and Si is the percentage of silicon. 
(Experience has indicated that it is advisable to preheat up to 350? F. when welding 
the materials included in this group.) 


A-7 Steel for Bridges and Buildings l 
A-30 Boiler and Firebox Steel for Locomotives 
A-70 Carbon-Steel Plates for Stationary Boilers, etc. 
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«p? Number 3—“O” Number 1—(Continued) 


A-87 Grade B 
A-95 


A-105 
A-106 Grade B 
A-107 Grade 6 


Grade 7 

A 131 

A-178 Grade C 

A-181 

A-201 

A-210 

A-212 

A-215-39T Grade N-2-W 
Grade BW 
Grade B-1-W 
Grade B-2-W 


A-216-40T Grade WCB 


A-235-40T Grade Cl 
Grade D 
Grade E 

A-236-40T Grade B 
Grade C 
Grade D 


Carbon-Steel and Alloy-Steel Castings for Railroads 

Carbon-Steel Castings for Valves, Flanges and Fittings for 
High-Temperature Service 

Forged or Rolled Steel Pipe Flanges for High-Temperature 
Service 

Lap-Welded and Seamless Steel Pipe for High-Temperature 
Service 

Commercial Quality Hot-Rolled Bar Steels 

Commercial Quality Hot-Rolled Bar Steels 

Structural Steel for Ships 

Electric-Resistance-Welded Steel and Open-Hearth Iron 
Boiler Tubes 

Forged and Rolled Steel Pipe Flanges for General Service 

Carbon-Silicon Steel Plates of Ordinary Tensile Ranges, etc. 

Medium-Carbon Seamless Steel Boiler and Superheater 
Tubes 

High-Tensile Strength Carbon-Silicon Steel Plates, etc. 

Carbon-Steel Castings Suitable for Fusion Welding, etc. 

Carbon-Steel Castings Suitable for Fusion Welding, etc. 

Carbon-Steel Castings Suitable for Fusion Welding, etc. 

Carbon-Steel Castings Suitable for Fusion Welding, etc. 

Carbon-Steel Castings Suitable for Fusion Welding, etc. 
(to 850° F.) 

Carbon-Steel Forgings for General Industrial Use 

Carbon-Steel Forgings for General Industrial Use 

Carbon-Steel Forgings for General Industrial Use 

Carbon-Steel Forgings for Locomotives and Cars 

Carbon-Steel Forgings for Locomotives and Cars 

Carbon-Steel Forgings for Locomotives and Cars 


«p» Number 4—“‘O” Number 1 


The carbon content by ladle analysis shall not exceed 0.28 per cent. 


A-182 Grade F1 


A-202 Grade A 
A-203 Grade A 
Grade B 
A-204 Grade A 
Grade B 
Grade C 
A-206-40T 


A-209-40T 

A-217 Grade WC1 
Grade WC2 

A-225 


Eei or Ted Alloy-Steel Pipe Flanges, etc. (from 750- 

1100? F. 

Cr-Mn-Si Alloy-Steel Plates for Boilers, etc. 

Low-Carbon Nickel-Steel Plates for Boilers, etc. 

Low-Carbon Nickel-Steel Plates for Boilers, etc. 

Molybdenum-Steel Plates for Boilers, etc. 

Molybdenum-Steel Plates for Boilers, etc. 

Molybdenum-Steel Plates for Boilers, etc. 

Seamless Carbon-Molybdenum Alloy-Steel Pipe for Service 
at Temperatures of 750-1000* F. 

Seamless Carbon-Molybdenum  Alloy-Steel Boiler and 
Superheater Tubes 

Alloy-Steel Castings Suitable for Fusion Welding, etc. 
(750-1100? F.) 

E ze Suitable for Fusion Welding, etc. (750- 

Manganese-Vanadium Steel Plates for Boilers, etc. 


* Steels not included in the table require separate procedure and operator qualifi- 
cation except in the case of the so-called low-alloy, high-strength steels. In the latter 
group of steels separate procedure qualification is required for each change in brand 
or analysis but “O” Number 1 applies in all cases. 


Fig. 27-1. Grouping of materials for procedure and operator qualification. 
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P 4, A change in filler metal from 
one American Welding Society Classi- 
fication Number-* to another American 
Welding Society Classification Number, 

0 5. A change in filler metal from 
a bare or lightly coated electrode to 
a covered electrode, or vice versa, 
within any given American Welding 
Society Specification for arc welding 
electrodes, 

P 6, An increase in the diameter of 
the electrode or welding rod used, over 
that called for in the Procedure Speci- 
fication. 

P 7. A change of more than 15 per- 
cent above or below the specified 
mean arc voltage and amperage for 
each size electrode used. 

P 8. For aspecified welding groove, 
a change of more than plus or minus 
25 percent in the specified number of 
passes. If the area of the groove is 
increased, it is also permissible to 
increase the number of passes in pro- 
portion to the increased area, 

PO 9, A change in the position in 
which welding is done as defined in 
PAR, 27-12 and 27-22. 

0 10. In the case of vertical welds, 
a change from the progression speci- 
fied for any pass from upward to down- 
ward or vice versa, 

P 11. A decrease in the preheating 
temperature. 

P 12. A change in the heat-treating 
temperature range or time range. 

P 13. A change in the specified range 
of sizes of gas- welding tips. 


+ For example: A change from an E6010 to an E6012 
or E7010 electrode (Tentative Specifications for Iron 
and Steel Arc Welding Electrodes); or a change from 
a G60 to a G45 or G65 welding rod (Tentative Speci- 
fications for Iron and Steel Gas Welding Rods). 

1+ For example: A change from an E6010 to an E4510 
electrode requires requalification of the operator; a 
change from an E6010 to an E6020 or E6030 elec- 
trode DOES NOT require requalification of the oper- 
ator (Tentative Specifications for Iron and Steel Arc 
Welding Electrodes). 


P 14. A change of gas-welding flame 
from neutral to one with an excess of 
acetylene or vice versa, 

0 15. A change from the "backhand" 
to the "forehand" method of welding. 
(Gas or carbon arc welding.) 

P 16. A decrease in the number of 
layers used in gas welding. 

P 17. A change in the type of weld- 
ing groove. (Example, change from a 
V toa U shape.) 

P 18. A change in the shape of any 
one type of welding groove involving: 

1. A decrease in the included angle 
of the welding groove, or a de- 
crease inthe width of the groove; 
or 

2. A decrease in the root opening 
of a welding groove; or 

3. An increase in the root face of 
a welding groove; or 

4. The addition or ommision ofa 
backing strip. 


21-10. TYPES OF TESTS 
AND PURPOSES 


The types of tests outlined below are 
to determine the tensile strength, duc- 
tility and degree of soundness of welded 
joints made under a given Procedure 
Specification, The tests used are as 
follows: 

A. FOR GROOVE WELDS 

1. Reduced-Section Tension Test 
(for Tensile Strength) 

2. Free-Bend Test (for Ductility) 

3. Root-Bend Test (for Soundness) 

4. Face-Bend Test(for Soundness) 

5. Side-Bend Test (for Soundness) 

B. FOR FILLET WELDS 

1. Longitudinalor Transverse 
Shear Test (for Shear Strength) 

2. Free-Bend Test (for Ductility) 

3. Fillet-Weld-Soundness Test 
(for Soundness) 
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TABULATION OF POSITIONS 
OF GROOVE WELDS 
E 


80? TO 150° 
OVERHEA - 80* CYTE pe 
p wp 280° TO 360° 


VERTICAL\_4. PLANE 


Mh ht 
Ue 


7 
[7 


/ 
7] 


NOTE |: PIPE WELDING POSITIONS-GROOVE WELDS 
FOR GROOVE WELDS IN PIPE THE FOLLOWING DEFINITIONS SHALL APPLY. 


HORIZONTAL FIXED POSITION: WHEN THE AXIS OF THE PIPE DOES NOT DEVIATE BY MORE THAN 


30 DEG. FROM THE HORIZONTAL PLANE AND THE PIPE IS NOT ROTATED DURING WELDING. 


/ 


\ 


/ 


-— 


\ 


HORIZONTAL ROLLED POSITION: WHEN THE AXIS OF THE PIPE DOES NOT DEVIATE BY MORE THAN 


30 DEG. FROM THE HORIZONTAL PLANE, THE PIPE IS ROTATED DURING WELDING, AND THE WELD 


METAL IS DEPOSITED WITHIN AN ARC NOT TO EXCEED 15 DEG. ON EITHER SIDE OF A VERTICAL 
PLANE PASSING THROUGH THE AXIS OF THE PIPE. 


VERTICAL POSITION: WHEN THE AXIS OF THE PIPE DOES NOT DEVIATE BY MORE THAN 10 DEG. 
FROM THE VERTICAL POSITION (THE PIPE MAY OR MAY NOT BE ROTATED DURING WELDING.) * 


* POSITIONS IN WHICH THE AXIS OF THE PIPE DEVIATES BY MORE THAN 10 DEG, AND LESS THAN 
60 DEG. FROM THE VERTICAL SHALL BE CONSIDERED INTERMEDIATE, AND SHALL REQUIRE THE 


PROCEDURE AND OPERATOR TO BE QUALIFIED IN BOTH THE HORIZONTAL FIXED AND THE 
VERTICAL POSITIONS. 


Fig. 27-2. Identification of positions of groove welds. 


27-10 


Procedure and Welder Qualifications 


TABULATION OF POSITI 
OF FILLET WELDS S 


FLAT | A {0° TO 15° [150° TO 210° 
o 


HORIZONTAL CMM o° TO 15° |!25* TO 150° 
210° TO 235° 


OVERHEAD NN 0° TO 80° S 
Er 
Www. [..D- - |m5"me Bor |ia5* TO 235°] | - 
| E —— [9070 90° 907 - 
! eo^ AXIS iN 
MITS 
FOR * 
T 
d 
Ss 
x 
S 
went ~ 
<7 ~ 
“A 
i -— 
~ LL 
NOTE Il: 


THE HORIZONTAL REFERENCE PLANE IS TAKEN TO LIE ALWAYS BELOW THE WELD UNDER 
CONSIDERATION. 


INCLINATION OF AXIS IS MEASURED FROM THE HORIZONTAL REFERENCE PLANE TOWARD 
THE VERTICAL. 


ANGLE OF ROTATION OF FACE IS MEASURED FROM A LINE PERPENDICULAR TO THE AXIS OF THE 


WELD AND LYING IN A VERTICAL PLANE CONTAINING THIS AXIS. THE REFERENCE POSITION 


(09) OF ROTATION OF THE FACE INVARIABLY POINTS IN THE DIRECTION OPPOSITE TO THAT IN 
WHICH THE AXIS ANGLE INCREASES. THE ANGLE OF ROTATION OF THE FACE OF WELD IS MEASURED 
IN A CLOCKWISE DIRECTION FROM THIS REFERENCE POSITION (09) WHEN LOOKING AT POINT P. 


Fig. 27-3. Identification of positions for fillet welds. 
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27-11. BASE MATERIAL AND 
ITS PREPARATION 


The base material andits preparation 
for welding shall comply with the Pro- 
cedure Specification. * For all types of 
welded joints the length of the weld and 
the dimensions of the base material 
shall be such as to provide sufficient 
material for the test specimens called 
for hereinafter. 


27-12. POSITION OF TEST WELDS 


All welds that will be encountered in 
actual construction, except groove 
welds in pipe, shall be classified as 
being (1) Flat, (2) Horizontal, (3) Verti- 
cal or (4) Overhead, inaccordance with 
the definitions of welding positions 
given in Figs. 27-2 and 27-3. 

Groove welds in pipe shallbe classi- 
fied as (1) Horizontal Rolled, (2) Hori- 
zontal Fixed or (3) Vertical, inaccord- 
ance with the definition of pipe welding 
positions given in Fig. 27-2, Eachpro- 
cedure shall be tested in the manner 
stated below for each position for which 
it is to be qualified. 

A. GROOVE WELDS IN PLATE 

In making the tests to qualify groove 
welds in plate, the test plates shall be 
welded in the following positions: 

1. FLAT POSITION - The test 
plates shall be placed in an 
approximately horizontal plane 
and the weld metal deposited 
from the upper side, (Illustrated 
in Fig. 27-4 (A).) 
HORIZONTAL POSITION - The 
test plates shall be placedinan 


N 
e 


* To avoid misleading results, it is desirable that 
the base material used in the qualification of a pro- 
cedure, contain amounts of carbon, manganese, chro- 
mium, molybdenum and other alloys approaching the 
maximum quantities of these elements which may be 
present in the materials that will be welded in actual 
construction. 


approximately vertical plane 
with the welding groove 
approximately horizontal. 
(Illustrated in Fig. 27-4 (B).) 

3. VERTICAL POSITION - The 
test plate shall be placed in an 
approximately vertical plane 
with the welding groove 
approximately vertical, (Illus- 
trated in Fig. 27-4 (C).) 

4. OVERHEAD POSITION - The 
test plates shall be placedinan 
approximately horizontal plane 
and the weld metal deposited 
from the underside. (Illustrated 
in Fig. 27-4 (D).) 

B. GROOVE WELDS IN PIPE 

In making the tests to qualify groove 
welds in pipe, the pipe shall be welded 
in the following positions: 

1. HORIZONTAL ROLLED - The 
pipe shall be placed with its 
axis in an approximately hori- 
zontal plane with the welding 
groove in an approximately 
vertical plane and the pipe 
shall be rolled during welding. 
(Illustrated in Fig. 27-4 (A).) 
HORIZONTAL FIXED - The 
pipe shall be placed with its 
axis in an approximately hor- 
izontal plane with the welding 
groove in an approximately 
vertical plane and the pipe 
shall not be rolled or turned 
during welding. (Illustrated in 
Fig. 27-4 (E).) 

3. VERTICAL - The pipe shall 
be placed with its axis in an 
approximately vertical posi- 
tion with the welding groove in 
an approximately horizontal 
plane. (Illustrated in Fig.27-4 
(B).) 

C. FILLET WELDS 
In making the tests to qualify fillet 
welds in plate, the test plates shall be 


N 
e 
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PLATES AND AXIS OF PIPE HORIZONTAL 
PIPE SHALL BE ROLLED WHILE WELDING 


LP 


(A) TEST POSITION 1G 


PLATES VERTICAL 
AXIS OF WELD 
VERTICAL 


PLATES HORIZONTAL 


SA 


(C) TEST POSITION 3G 


(D) TEST POSITION 4G 


PLATES AND AXIS OF 
IZIDESVIEPINGAI 


w 
eS 
AXIS OF E 


WELDS HORIZONTAL 
(B) TEST POSITION 2G 


PLATE BOX AND PIPE SHALL NOT 
BE TURNED OR ROLLED WHILE 


AXIS OF PIPE 
AND PLATE BOX HORIZONTAL 


(E) TEST POSITION 5G 


NOTE: For procedure qualification the type of groove shall comply with the ‘Procedure Specification, for 
operator qualification the shape of the groove and backing strip shall be as shown. 


Fig. 27-4. Position of pipe or test plates for groove welds. 


welded in the positions outlined below. 
(If fillet welds are to be made in pipe, 
they shall be qualified by tests made 
in plate unless other tests are specif- 
ically provided for by a governing 
code.) 

IL ELAn POSITION - The test 
plates shall be so placed that 
each fillet weld is deposited 
with its axis approximately 
horizontal and its throat ap- 
proximately vertical, (See Fig. 
27-5 (A).) 

2. HORIZONTAL POSITION - The 
test plates shall be so placed 
that each fillet weld is de- 
posited on the upper side of 
the horizontal surface and 
against the vertical surface. 
(See Fig. 27-5 (B).) 

3. VERTICAL POSITION - Each 
fillet weld shall be made ver- 


tically. (See Fig. 27-5 (C).) 

4. OVERHEAD POSITION - The 
test plates shall be so placed 
that each fillet weld is de- 
posited on the underside of 
the horizontal surface and 
against the vertical surface. 
(See Fig. 27-5 (D).) 

NOTE: The above arrangement of test 
plates refers only to the making of the 
fillet welds. The closing weld between 
fillet welds inthe fillet-weld- soundness 
test may be made in any position. 


27-13. NUMBER OF TEST 
WELDS REQUIRED 


A. GROOVE WELDS IN PLATE OR 
PIPE 

For groove welds in material up to 

and including 3/4 in. thick, one test 

weld shall be made in material 3/8 in. 
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THROAT OF WELD VERTICAL 


THROAT OF WELD TO BE 

IN VERTICAL POSITION 

(SAME AS WELD *'*A'*) WHEN 
WELDING THIS SIDE lg 


WEED “AZ 


E 
A 


^ 


(A) POSITION OF TEST PLATES FOR FLAT FILLET WELD 


AL 
Men AXIS OF WELD HORIZONT 


AXIS OF WELD VERTICAL 


(C) POSITION OF TEST PLATES 


! 


PLATES VERTICAL 


FOR VERTICAL FILLET WELD 


4& AXIS OF WELD HORIZONTAL 


(D) POSITION OF TEST PLATES FOR OVERHEAD FILLET WELD 


FOR FILLET SOUNDNESS 
TEST WELD, SHADED 
PORTION MAY BE 
WELDED IN ANY 
POSITION. 


Fig. 27-5. Position of test plates for fillet welds. 


thick* for each procedure and position 
to be used in construction, except that 
if the construction involves welding of 
material over 3/4 in. thick, a test weld 
shall be made in material of the max- 
imum thickness* to be used in con- 
struction for each procedure and posi- 
tion, but which need not exceed 1 in.* 


If atestis made inthe maximum or 1 in, 
thickness, no test need be made in the 
3/8 in, thickness. In the case of pipe, 
the nominal diameter of the pipe used 
for the test weld shall not be less than 
6 inches, 


* In the case of pipe, the wall thickness may vary 
+ or —12 1/2 percent from that indicated. 
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B. FILLET WELDS 

For fillet welds two longitudinal or 
two transverse shear test welds shall 
be made for each procedure and position 
to be used in construction, For each 
type of test weld, one shall be made 
with the maximum size single-pass 
fillet weld and one with the minimum 
size multiple-pass fillet weld that will 
be used in construction, In addition, 
one test weld for the free-bend and 
fillet-weld-soundness tests shall be 
made with the maximum size single- 
pass fillet weld (not over 3/8 in.) that 
will be used in construction, for each 
procedure and position to be used in 
construction. 


27-14. WELDING PROCEDURE 


The welding procedure shall comply 
in all respects with the Procedure 
Specification. See PAR, 27-7. 


27-15. TEST SPECIMENS - 
NUMBER, TYPE AND 
PREPARATION 


A, GROOVE WELDS 

For groove welds in plate the method 
of preparing the specimens shall be in 
accordance with the figures referred to 
in Fig. 27-6 and the number of tests 
required shall be as given in the table. 


MAXIMUM 
THICKNESS TO REDUCED- 
BE WELDED IN TEST PLATE SECTION 
CONSTRUCTION THICKNESS TENSION 
See 
Fig. 27-7 
Up to and including 3/8 in. 2 
3/4 in. 
Over 3/4 in. Maximum, but 2 
need not ex- 
ceed ] in. 


The test specimens shall be removed 
in the order given in Figs. 27-11, and 
2112. 

For groove welds in pipe the method 
of preparing the specimens shall be 
in accordance with the figures referred 
to in Fig. 27-13 and the number of tests 
required shall be as given in the table. 
The test specimens shall be removed 
in the order given in Figs. 27-17 and 
27-18. 

B. FILLET WELDS 

The longitudinal shear test speci- 
mens shall be welded as shown in Fig. 
27-19 and prepared for testing as shown 
in Fig. 27-20. The transverse shear 
test specimens shall be made as shown 
inus. 29921, 

The test weld for the free-bend and 
soundness tests shall be made as shown 
in Fig. 27-22. From the test weldthere 
shall be taken two free-bend test spec- 
imens, which shall be prepared for 
testing as shown in Fig. 27-8, and two 
fillet-weld-soundness test specimens 
as shown in Fig. 27-23. 


27-16. METHOD OF TESTING 
SPECIMENS 


A. REDUCED-SECTION TENSION 
SPECIMENS 

Before testing, the least width and 

corresponding thickness of the reduced 


NUMBER AND TYPE OF TESTS REQUIRED 


FREE- ROOT- FACE- SIDE- 
BEND BEND BEND BEND 
See See See See 
Fig. 27-8 Fig. 27-9 Fig. 27-9 Fig. 27-10 
2 2 2 
2 e. "n 4 


Fig. 27-6. Procedure qualification tests for groove welds in plate. 


NOTE: Refer to pages 27-22 to 27-29 inclusive for Figures 
27-7 to 27-34 inclusive. 


section shall be measured in inches. 
The specimen shall be ruptured under 
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tensile load and the maximum load in 
pounds shall be determined, The cross- 
sectional area shall be obtained as 
follows: cross-sectional area= widthx 
thickness. The tensile strengthin 
pounds per square inch shall be ob- 
tained by dividing the maximum load by 
the cross-sectional area. 
B. FREE-BEND TEST SPECIMENS 
The gauge lines indicated in Fig. 27-8 
shall be lightly scribed on the face of 
the weld. The gauge length (distance 
between gauge lines) shall be approxi- 
mately 1/8 in. less than the width of 
the face of the weld, and shallbe meas- 
ured in inches to the nearest 0.01 inch, 
Each specimen may be bent initially 
by the use of a fixture complying with 
the requirements of Fig. 27-24. The 
surface of the specimen containing the 
gauge lines shallbe directed toward the 
supports, The weld shall be at midspan 
of both the supports and the loading 
block, Alternatively, the initial bend 
may be made by holding each specimen 
in the jaws of a vise with one third the 
length of the specimen projecting from 
the jaws, then bending the specimen 
away from the gauge lines through an 
angle of from 30 to 45 deg. by blows of 
a hammer. The other end of the speci- 
men shall be bent in the same way. In 
order that the final bend shall be cen- 
tered on the weld, the initial bends 
shall be symmetrical with respect to 
the weld, and both ends shall be bent 
through the same angle. The initial 
bend may also be started at the weld 
by placing the specimen in the guided- 
bend test jig shown in Fig. 27-25, 
Compressive forces shall be applied 
to the ends of the specimen, continu- 
ously decreasing the distance between 
the ends, (Any convenient means such as 
a vise or a testing machine may be used 
for the final bend.) When a crack or 
other open defect exceeding 1/16 in,* in 


* See Note | PAR. 27-17. 


any direction appears on the convex 
face of the specimen, the load shall 
be removed immediately. If no crack 
appears, the specimen shall be bent 
double. Cracks occurring on the cor- 
ners of the specimen during testing 
shall not be considered. 

The elongation shall be determined 
by measuring the minimum distance 
between the gauge lines, along the con- 
vex surface of the weld, to the nearest 
0.01in, and subtracting the initial gauge 
length, The percent elongation shall be 
obtained by dividing the elongation by 
the initial gauge length and multiplying 
by 100. 

C. ROOT-, FACE-, SIDE-BEND 
AND FILLET-WELD- 
SOUNDNESS SPECIMENS 

Each specimen shall be bent in a jig 

having the contour shown in Fig, 27-25, 
and otherwise substantially in accord- 
ance with that figure. Any convenient 
means may be used for moving the 
male member with relation to the 
female member. 
NOTE: The size and theoretical throat 
dimension of a fillet weld shall be de- 
fined as illustrated in Fig, 27-26. The 
size of a fillet weld is the leg length of 
the largest inscribed isosceles right 
triangle, The theoretical throat dimen- 
sion may be obtained by multiplying the 
size of the fillet weld by 0.707. 

The specimen shall be placed on the 
female member of the jig with the weld 
at midspan. Face-bend specimens shall 
be placed with the face of the weld 
directed toward the gap; root-bend and 
fillet-weld-soundness specimens shall 
be placed with the root of the weld 
directed toward the gap; side-bend 
specimens shall be placed with that 
side showing the greater defects, if 
any, directed toward the gap. The two 
members of the jig shall be forced to- 
gether until the curvature of the speci- 
men is such that a 1/32-in, diameter 
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wire cannot be passed between the 
curved portion of the male member 
and the specimen, The specimen shall 
then be removed from the jig. 

D. LONGITUDINAL AND TRANS- 
VERSE SHEAR TEST 
SPECIMENS 

Before testing, the length of the 

individual welds shall be measured in 
inches and if any weld varies by more 
than 1/16 in. from the length specified 
in Figs. 27-21 and 27-20; then the 
length of each weld and its location 
shall be recorded, The average size of 
the fillet welds shall also be recorded. 
The specimen shall be ruptured'under 
tensile load and the maximum load in 
pounds shall be determined, The shear- 
ing strength of the welds in pounds per 
linear inch shall be obtained by divid- 
ing the shearing strength in pounds per 
linear inch by the average theoretical 
throat dimension of the welds ininches. 


27-17. TEST RESULTS REQUIRED 


The requirements for the test results 
shall be as follows: 
A. REDUCED-SECTION 
TENSION TEST 
The tensile strength shall be not less 
than 100 percent of the minimum of the 
specified tensile range of the base 
material used. (See Notes I and IIL) 
B. FREE-BEND TEST 
The elongation shall be not less than 
30 percent for stress relieved welds 
nor less than 25 percent for non-stress 
relieved welds. (See Notes I and III.) 
C. ROOT-, FACE-, SIDE-BEND 
AND FILLET-WELD- 
SOUNDNESS TESTS 
The convex surface of the specimen 
shall be examined for the appearance 
of cracks or other open defects. Any 
specimen in which a crack or other 
open defect is present after the bend- 
ing, exceeding 1/8 in. measured in any 


direction, shall be considered as having 
failed. Cracks occurring on the corners 
of the specimen during testing shall 
not be considered, (See Notes I and III.) 

D. LONGITUDINAL OR TRANS- 
VERSE SHEAR TEST 

For the longitudinal shear test spec- 
imen the shearing strength ofthe welds 
in pounds per square inch shall be not 
less than two thirds of the minimum of 
the specified tensile range of the base 
material, For the transverse shear 
test specimen the shearing strength of 
the welds in pounds per square inch 
shall be not less than 7/8 of the mini- 
mum of specified tensile range of the 
base material, (See Notes I, II and III.) 

NOTE I: These values as set forth 
shall apply where no Code is in effect, 
or where an agreement to use other 
values has not been made between the 
purchaser and vendor. 

NOTE II: These values are appli- 
cable only to low carbon, non-alloy 
steels, For other materials, the values 
shall be a matter of agreement between 
the purchaser and vendor. 

NOTE III: The test results specified 
are not likely to be attained with the 
metal arc process when using bare or 
lightly coated electrodes. For such 
processes it is recommended that the 
governing Code adopt the following re- 
quirements for the test results: 

A. REDUCED-SECTION TENSION 

TEST 

The tensile strength shall be not less 
than 85 percent of the minimum of the 
specified tensile range of the base 
material used. 

B. FREE-BEND TEST 

The elongation shall be not less than 
10 percent. 

C. ROOT-, FACE-, SIDE-BEND AND 
FILLET-WELD-SOUNDNESS 
TESTS 

The specimen shall be considered as 
having passed if (1) no crack or other 
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open defect exceeding 1/8in, measured 
in any direction is present in the weld 
metal or between the weld and base 
material after the bending, or (2) the 
specimen has cracked or fractured and 
the fractured surface shows complete 
penetration through the entire thickness 
of the weld, and absence of slag in- 
clusions and porosity to the extent that 
there are no gas pockets or slaginclu- 
sions exceeding 1/16 in, in greatest 
dimension and the sum of the greatest 
dimension of all such defects in any 
square inch of weld metal area does 
not exceed 3/8 in. (If necessary, the 
specimen shall be broken apart toper- 
mit examination of the fracture.) 

D. LONGITUDINAL OR TRANS- 

VERSE SHEAR TEST 

For the longitudinal shear test spec- 
imen the shearing strength of the welds 
in pounds per square inch shall be not 
less than 2/3 of the minimum of the 
specified tensile range of the base 
material. For the transverse shear 
test specimen the shearing strength of 
the welds in pounds per sq. in. shallbe 
not less than 7/8 of the minimum of 
specified tensile range of the base 
material, 


27-18. RECORDS 


Records of the test results shall be 
kept by the manufacturer or contractor 
and shall be available to those author- 
ized to examine them. 


PART II-OPERATOR QUALIFICATION 


21-19. LIMITATION OF VARIABLES 


For the qualification of an operator 
the following rules shall apply. If cer- 
tain changes are made in a Procedure 
Specification, operator requalification 
may be required in accordance with 
PAR. 27-9 (B).) 


27-20. TYPES OF TESTS REQUIRED 


The qualification tests described 
herein are specially devised tests to 
determine the operator's ability to pro- 
duce sound welds, and may or may not 
conform in every detail to the require- 
ments of the Procedure Specification. 
It is not intended that the practices re- 
quired in the qualification tests shall 
be used as a guide for welding during 
actual construction, The latter shall 
be performed in accordance with the 
requirements of the Procedure Speci- 
fication. 

The tests used for operator qualifi- 
cation are as follows: 

A. FOR GROOVE WELDS 

1. Root-Bend Test 
2. Face-Bend Test 
3. Side-Bend Test 
B. FOR FILLET WELDS 
Fillet- Weld-Soundness Test 


27-21. BASE MATERIAL AND 
ITS PREPARATION 


A, The base material shall comply 
with the specification for one of the 
materials listed inthe Procedure Spec- 
ification. For all types of welded joints 
the length of the weld and the dimen- 
sions of the base material shallbe such 
as to provide sufficient material for 
the test specimens called for herein- 
after. 

B. For groove welds in plate or pipe 
where the thickness of the materialfor 
the tests as specified in PAR. 27-23 (A) 
is three eighths inch, the preparation of 
the base materialfor welding shall be 
for a single-V groove butt joint meeting 
the requirements of Fig. 27-27, except 
that in the case of oxyacetylene welding 
the joint preparation may be in accord- 
ance with Fig, 27-28, 
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C. For groove welds in plate or pipe 
where the thickness of the material as 
specified in PAR. 27-23 (A) exceed 
three eighths inch, the preparation of 
the base material for welding shall be 
for a single V-groove butt joint meet- 
ing the requirements of Fig. 27-29, 
except that in the case of oxyacetylene 
welding the joint preparation may be 
in accordance with Fig. 27-30. 

D. For fillet welds the preparation of 
the base material for welding shall be 
as shown in Fig. 27-31. Pipe with a 
nominal diameter of not less than 6 inch 
may be used in lieu of plate. 


27-22. POSITION OF TEST WELDS 


A. GROOVE WELDS 
For the purpose of determining the 
ability of an operator to make groove 
welds in various positions in plate or 
pipe the following positions for test 
are required: 
TEST POSITION 1G 
Plates placed in an approximately 
horizontal plane and the weld metal 
deposited from the upper side, ora 
pipe placed with its axis in an ap- 
proximately horizontal plane with 
the welding groove in an approxi- 
mately vertical plane, the pipe being 
rolled while the weld is deposited 
within the top quadrant and from the 
outside of the pipe. (See Fig. 27-4 
(A).) This test made either in plate 
or pipe will qualify the operator for 
flat position welds in plate and for 
pipe in the horizontal rolled position. 
(See Fig. 27-2.) 
TEST POSITION 2G 
Plates placed in an approximately 
vertical plane with the welding groove 
in an approximately horizontal plane, 
or a pipe placed with its axis in an 
approximately vertical plane with 
the welding groove in an approxi- 


mately horizontal plane. (See Fig. 

27-4 (B).) This test made either in 

plate or pipe will qualify the operator 

for flat and horizontal welds in plate 
and for pipe in the horizontal rolled 
and vertical fixed positions. (See 

Fig. 27-2.) 

TEST POSITION 3G 

Plates placed in an approximately 

vertical plane withthe welding groove 

approximately vertical. (See Fig. 

27-4 (C).) This test will qualify the 

operator for flat and vertical welds 

in plate and for pipe inthe horizontal 

rolled position. (See Fig. 27-2.) 

TEST POSITION 4G 

Plates placed in an approximately 

horizontal plane and the weld metal 

deposited from the underside. (See 

Fig. 27-4 (D).) This test will qualify 

the operator for flat, and overhead 

welds in plate and for pipe in the 
horizontal rolled position, 

TEST POSITION 5G 

A pipe or plate box placed with its 

axis in an approximately horizontal 

plane with the welding groove in an 
approximately vertical plane. The 
pipe or box shall not be rolled or 
turned during welding, thus requiring 
the operator to deposit weld metal 
from the flat, vertical and overhead 
positions, (See Fig. 27-4 (E).) This 
test made either in pipe or a plate 
box will qualify the operator for welds 
made in plate in the flat, vertical 
and overhead positions, and in pipe 
in the horizontal rolled and horizontal 

fixed positions. (See Fig. 27-2.) 

If a welding operator is tested in 
Position 2G he need not be tested in 
Position 1G. If a welding operator is 
tested in Position 3G he need not be 
tested in Position 1G. Ifa welding oper- 
ator is tested in Position 4G he need 
not be tested in Position 1G. If a weld- 
ing operator is tested in Position 5G 
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he need not be tested in Position 1G, 
3G or 4G. 
B. FILLET WELDS 
For the purpose of determining the 
ability of an operator to make fillet 
welds in various positions the following 
positions for test are required: 
TEST POSITION 1F 
Plates placed in such position that 
each weld is deposited with its axis 
approximately horizontal and withits 
throat approximately vertical, (See 
Fig. 27-32 (A).) This test will qualify 
the operator for flat fillet welds. 
(See Fig. 27-3.) 
TEST POSITION 2F 
Plates or pipe placed in such position 
that each weld is deposited on the 
upper side of the horizontal surface 
and against the vertical surface. (See 
Fig. 27-32 (B).) This test, made 
either in plate or pipe, will qualify 
the operator for flat and horizontal 
fillet welds. (See Fig. 27-3.) 
TEST POSITION 3F 
Plates or pipe placedin such position 
that each weld is made vertically. 
(See Fig. 27-32 (C).) This test, made 
either in plate or pipe, will qualify 
the operator for flat, horizontal and 
vertical fillet welds, (See Fig. 27-3.) 
TEST POSITION 4F 
Plates or pipe placedin such position 
that each weld is deposited on the 
underside of the horizontal surface 
and against the vertical surface. (See 
Fig. 27-32 (D).) This test, made 
either in plate or pipe, will qualify 
the operator for flat, horizontal and 
overhead fillet welds, (See Fig. 27-3.) 
NOTE: The above arrangement of test 
plates or pipe refers onlytothe making 
of the fillet weld. The closing weld 
between fillet welds in the fillet-weld- 
soundness test may be made in any 
position, See Fig. 27-32 (E). 
If a welding operator is tested in 


Position 2F he need not be tested in 
Position 1F. If a welding operator is 
tested in Position 3F he need not be 
tested in Position 1F or 2F, If a weld- 
ing operator is tested in Position 4F 
he need not be tested in Position 1F 
or 2E, 


27-23. NUMBER OF TEST 
WELDS REQUIRED 


A. GROVE WELDS IN PLATE AND 
PIPE 

For groove welds in material up to 
and including 3/4-in. thick* one test 
weld as shown in Fig. 27-27 (Fig. 27-28 
may be used for oxyacetylene welding) 
shall be made in material 3/8-in. thick 
for each position for which the operator 
is to be qualified as defined by PAR. 
27-20 (A), except that if the construc- 
tion involves welding of material over 
3/4-in. thick* one test weld as shown 
in Fig. 27-29 (Fig. 27-30 may be used 
for oxyacetylene welding) shall be made 
for each such position in material of 
the maximum thickness to be used in 
construction, but the thickness of the 
material for the test weld need not 
exceed 1 inch. If a test weld is made 
in the maximum or 1-in. thickness, no 
test weld need be made in the 3/8-in. 
thickness. In the case of pipe, the nom- 
inal diameter of the pipe used for the 
test weld shall not be less than 6 inches, 

B. FILLET WELDS 

For fillet welds one test weld as 
shown in Fig, 27-31 shall be made for 
each position for which the operator is 


* Whereas reference has been made above to the 
test welds being made in material of a given thick- 
ness, it is the intent of these rules that if an oper- 
ator is qualified to weld in a single-groove of a given 
depth, he is also considered as being qualified for 
welding double-groove butt joints wherein the depth 
of the groove from either side does not exceed the 
depth of the single-groove for which he has been 
qualified. 
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to be qualified, 
27-22 (B). 


as defined by PAR. 


27-24. WELDING PROCEDURE 


The operator shall follow the welding 
procedure specified by the Procedure 
Specification except that if the form 
of the test joint differs from the forms 
of joint as shown in the Procedure 
Specification to such a degree that itis 
necessary, in welding the test joint, 
to change the électrode or welding rod 
diameters or the number and arrange- 
ment of passes from that called for 
in the Procedure Specification, such 
changes shall be permissible. 


27-25. TEST SPECIMENS - 
NUMBER, TYPE AND 
PREPARATION 


A. GROOVE WELDS 

For groove welds in plate the method 
of preparing the specimens shall be in 
accordance with the figures referred to 
in Fig. 27-33 and the number of tests 
required shall be as given in the table. 

For groove welds in pipe the method 
of preparing the specimens shall be in 
accordance with the figures referred to 
in Fig. 27-34 and the number of tests 
required shall be as given in the table. 

If the test weld is made in pipe in 
Position 1G or 2G, the specimens shall 
be removed approximately 90 deg. from 
each other. If the test weld is made in 
Position 5G, using either a pipe ora 
plate box, a specimen shall be removed 
from the top, the bottom and each of the 
two sides of the test weld; and, if the 
weld is made in three eighths in. thick 
material, the specimen from the top 
and one side shall be tested with the 
face of the weld in tension, and the 
specimen from the bottom and from 
the other side shall be tested with the 


root of the weld in tension. 

B. FILLET WELDS 

Two test specimens shallbe removed 
from each test weld and prepared for 
testing as shown in Fig. 27-23. 


27-26. METHOD OF TESTING 
SPECIMENS 


A. ROOT-, FACE-, SIDE-BEND AND 
FILLET-WELD-SOUNDNESS 
SPECIMENS 

Each specimen shall be bent in a jig 
substantially in accordance with Fig. 
27-25. Any convenient means may be 
used for moving the male member with 
relation to the female member. 

The specimen shall be placed on the 
female member of the jig with the 
weld at midspan. Face-bend specimens 
shall be placed with the face of the 
weld directed towardthe gap; root-bend 
and fillet-weld-soundness specimens 
shall be placed with the root of the weld 
directed toward the gap; side-bend 
specimens shall be placed with that 
side showing the greater defects, if 
any, directed toward the gap. The two 
members of the jig shall be forced 
together until the curvature of the 
specimen is such that a 1/32-in. diam- 
eter wire cannot be passed betweenthe 
curved portion of the male member and 
the specimen. The specimen shall then 
be removed from the jig. 


27-27. TEST RESULTS REQUIRED 


A. ROOT-, FACE-, SIDE- BEND AND 
FILLET-WELD-SOUNDNESS 
TESTS 

The convex surface of the specimen 

shall be examined for the appearance 
of cracks or other open defects. Any 
specimen in which a crack or other 
open defect is present after the bend- 
ing, exceeding 1/8 in. measured in any 
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direction, shall be considered as having 
failed. Cracks occurring onthe corners 
of the specimen during testing shall not 
be considered, (See Notes I and II.) 
NOTE I: These values as set forth 
shall apply where no Code is in effect, 
or where an agreement to use other 
values has not been made between the 
purchaser and vendor. 

NOTE II: The test results specified 
are not likely to be attained with the 
metal arc process when using bare or 
lightly coated electrodes. For such 
processes it is recommended that the 
governing Code adopt the following re- 
quirements for the test results: 

The specimen shall be consideredas 
having passed if (1) no crack or other 
open defect exceeding 1/8 in, measured 
in any direction is present in the weld 
metal or between the weld and base 
material after the bending, or (2) the 
specimen has cracked or fractured and 
the fractured surface shows complete 
penetration throughthe entire thickness 
of the weld, and absence of slag in- 
clusions and porosity to the extent that 
there are no gas pockets or slag 
inclusions exceeding 1/16 in. in great- 
est dimension and the sum of the 
greatest dimension of all such defects 
in any square inch of weld metal area 
does not exceed 3/8 in. (If necessary, 
the specimen shall be broken apart to 
permit examination of the fracture.) 


21-28. RETESTS 


In case an operator fails to meet the 
requirements of one or more test welds 
a retest may be allowed under the 
following conditions: 

A. An immediate retest may be made 
which shall consist of two test welds 
of each type on which he failed, all of 
which shall meet all the requirements 
specified for such welds. 


B. A retest may be made provided 
there is evidence that the operator has 
had further training or practice. In 
this case a complete retest shall be 
made. 


27-29. PERIOD OF EFFECTIVENESS 


The operator qualification tests 
herein specified shall be consideredas 
remaining in effect indefinitely unless 
(1) the welding operator is not engaged 
in a given process of welding (i.e., arc 
or gas) for a period of three months or 
more;* or unless (2) there is some 
specific reason to question an oper- 
ator's ability, In case (1) above the 
requalification test need be made only 
in the 3/8 in. thickness. 


held remntorcemer# 
shall be machped 
ies with base metal 


These edges may 


widest face 
of weld 


WB GUT PI 
obes rot exceed /* 
Wel 200 nf 


exceeds |. lhis section machined, 


preterably by milling 


Fig. 27-7. Reduced section tension specimen (plate). 
Dimensions of the required tension test specimen are 
indicated for any thickness metal. 


* The intent of this statement is as follows: 

An operator who has been qualified for metal arc 
welding under any given Procedure Specification is 
not required to requalify for that Procedure unless he 
has done no metal arc welding for a period of three 
months or more. In m similar manner the qualification 
of an operator for gas welding or for carbon arc weld- 
ing is not considered as having expired unless he has 
done no gas welding or carbon arc welding, ms the 
case may be, for a period of three months or more. 
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Weld reinforcement Tf flame cut, not less than 3° 
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FIG. 21-24 

TE 1: THE LENGTH L IS SUGGESTIVE ONLY, NOT MANDATORY. 

TE 9: IF DESIRED, THE EDGES OF THE SPECIMEN MAY BE PREPARED BY MA- 
CHINE FLAME CUTTING, FOLLOWED BY ROUNDING OF THE CORNERS WITH 
A FILE. THOUGH THIS MAY BE A MORE SEVERE TEST. 


Fig. 27-10. Side-bend specimen. 


Fig. 27-8. Free-bend specimen (plate). The table DISCARD THE 


indicates the required dimensions for various plate 
thicknesses. 


-THESE EDGES MAY BE FLAME CUT AND MAY 
OR MAY NOT BE MACHINED R = 1/16" MAX. 


DISCARD THIS PIECE 


6" MIN. 


IOTE: 
WELD REINFORCEMENT AND BACKING STRIP, IF ANY, SHALL BE 
REMOVED FLUSH WITH THE SURFACE OF THE SPECIMEN. IF A RE- 
CESSED STRIP IS USED THIS SURFACE OF THE SPECIMEN MAY BE MA- 
CHINED TO A DEPTH NOT EXCEEDING THE DEPTH OF THE RECESS Y 
TO REMOVE THE STRIP, EXCEPT THAT IN SUCH CASES THE THICK- 
NESS OF THE FINISHED SPECIMEN SHALL BE THAT SPECIFIED ABOVE. 
Fig. 27-11. Order of removal of test specimens from 


Fig. 27-9. Face and root-bend specimens (plate). welded test plate. 
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MAXIMUM 
THICKNESS TO 
BE WELDED IN 
CONSTRUCTION 


Up to and including 
3/4 in. 


Over 3/4 in. 


DISCARD THISTRIEGCE 


DISCARD UHISIRIECE 


Fig. 27-12. Order of removal of test specimens from 
welded test plate. 


REDUCED- 
TESTIPIEEIWARIE SECTION FREE- ROOT- FACE- 
THICKNESS TENSION BEND BEND BEND 
See See See See 
Fig. 27-14 Fig. 27-15 Fig. 27-16 Fig. 27-16 
3/8 in. 2 2 2 2 
Maximum, but need 2 2 


not exceed | in. 


Fig. 27-13. Procedure qualification tests for groove welds in pipe. 


Machine the minimum amount 

needed fo obtain plane parallel 
faces over the ž wide reduced sed 
section N 


These edges may be 
flame cut, 


Edge of widest 
face of weld 


This section machined, 


preferably by milling 


Fig. 27-14. Reduced-section tension specimen (pipe). 


SIDE- 
BEND 


See 
Fig. 27-10 
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If flame cut nof less 
than dL shall be 
machined trom edges 
dge of widest face of weld 


Note» for olmensions see fig. 25-13 


Fig. 27-15. Free-bend specimen (pipe). 


ese_edges may be flame cut and 
ay or may not be machined 


/ Ww 
kg max. 


Note: Weld reinforcement and backing ring, if any, 
shall be removed flush with the surface of the spec- 
imen. |f a recessed ring is used, this surface of the 
specimen may be machined to a depth not exceeding 
the depth of the recess to remove the ring, except 
that in such cases the thickness of the finished spec- 
imen shall be that specified above. 


Fig. 27-16. Face- and root-bend specimen (pipe). 


face BEND 


Reouceo SECTION 
TENSILE 


REDUCED 
SECTION TENSILE 


Note: If test specimens are to be taken from this 
weld, it is specified that they be taken from the po- 
sitions as shown in this illustration. Face-bend sample 
from the top, Root-bend sample from the bottom and 
so around the pipe. 


Fig. 27-17. Order of removal of test specimens from 
welded pipe. 


Sioe BEND 


REDUCED 
Secrion Tensite 


Sioe Beno 


Reouceo 


SECTION TENSILE Free Beno 


à Sioc Beno 


Note: If test specimens are to be taken from this 
weld, it is specified that they be taken from the po- 
sitions as shown in this illustration. Side-bend samples 
from top, bottom, and both sides, free-bend samples 
from upper left and lower right, and so around the pipe. 


= que " 
E au Fig. 27-18. Order of removal of test specimens from 


welded pipe. 


-— Irain. ala min. 


4l 4 Standard 45° 
uc fille welds, size 


Fig. 27-19. Longitudinal fillet weld shearing speci- 
men after welding. Necessary specimen dimensions 
are indicated. 


vp 


Note—for other dimensions me Fig. 25-11 


Fig. 27-20. Longitudinal fillet-weld shearing speci- 
men after machining. 
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see Fig, 27-8, fer roller support 


Fig. 27-24. Initial bend for free-bend specimen. 
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| PERE Pace BEND, Serene g lapped tole fo suit may be substituted for 

GUIDED ROOT BEND E testing machine Jg shoukders 
e č ; 
a 
‘te 


Ie - 
Shoulders hardened 
and greased — 


eri 
| y BACKING STRIP TO BE IN 
Š INTIMATE CONTACT WITH 
E BASE MATERIAL . 
MAX, SIZE SINGLE PASS 5 
FILLET WELD (NOT OVER 3), 


Fig. 27-22. Test weld for free-bend and soundness 
tests. 


THESE EDGES MAY BE FLAME CUT z R 
ANG MAY OR MAY NOT BE MACHINED 


Fig. 27-25. Guided bend test. 


WELD REINFORCEMENT AND BACKING STRIF SHALL BE 
REMOVED FLUSH WITH BASE METAL. FLAME CUTTING MAY BE USED 
FoR THE AEMOWL OF THE MAIOR PART OF THE BACKING STRIP, 
PROVIDED AT LEAST 1/8" OF ITS THICKNESS IS LEFT TO BE REMOVED 
BY MACHINING DR GRINDING. 


Fig. 27-23. Fillet-weld-soundness test specimen. 
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SURFACE OF VERTICAL MEMBER 


CONVEX FILLET WELD 


D> 


THEORETICAL THROAT 


SIZE OF WELD. 


SS 


SURFACE OF HORIZONTAL 
MEMBER 


SURFACE OF VERTICAL MEMBER 


CONCAVE FILLET WELD 


THEORETICAL THROAT 


J SIZE OF WELD 


THROAT 


SES KL 


Fig. 27-26. Fillet weld throat dimensions. 


E ong 
SUGGESTED SIZE OF RING OR STRIP áxi 


Fig. 27-27. Butt joint for operator qualification, for 
plate or pipe 3/8 in. thick. 


37 1/2 DEG. MAX. 


Et MAX. 


Fig. 27-28. Alternate butt joint 
for operator qualification. 


3487 


20 DEG. MAX, 


1/2” MAX. 
SUGGESTED SIZE OF RING OR STRIP 5/16 x 1 


Fig. 27-29. Butt joint for operator qualification. 


2 37 1/2 DEG. MAX. 


T 


1/4** MAX. 


Fig. 27-30. Alternate butt joint for operator qualifi- 
cation, for plate 1 in. thick, may be used for oxyacet- 
ylene process only. 


CONTACT WITH 
BAM MATERIAL. 


MAX, SIZE SiRGLE PRES 
FLUIT WELO (NOT OVE 


Fig. 27-31. Test weld for soundness tests (for oper- 
ator qualification only). 
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THROAT OF WELD VERTICAL 


THROAT OF WELD TO BE AXIS OF WELD HORIZONTAL 


IN VERTICAL POSITION 
(SAME AS WELD '*A**) WHEN 
WELDING THIS SIDE 


WELD “A” 


AXIS OF PIPE 
HORIZONTAL 


(B) 


TEST POSITION 2 F PIPE SHALL BE ROLLED 


AND ALL WELDING DONE 
AT TOP OF JOINT 


PLATES VERTICAL 
à AXIS OF PIPE 
HORIZONTAL 


PIPE SHALL BE ROLLED 
AND ALL WELDING DONE 
AT SIDE OF JOINT 


AXIS OF WELD VERTICAL 


IIT YA 


AMAN: 


ES 
= 


(C) 
TEST POSITION 3 F 


AXIS OF WELD HORIZONTAL 
AXIS OF PIPE 
HORIZONTAL 


PIPE SHALL BE ROLLED 
AND ALL WELDING DONE 
AT BOTTOM OF JOINT 


FOR FILLET SOUNDNESS 
TEST WELD, SHADED 
PORTION MAY BE 
WELDED IN ANY 
POSITION 


(E) 


Fig. 27-32. Positions for test plates or pipe 
for fillet welds for operator qualification. 
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MAXIMUM THICKNESS 
FOR WHICH OPERATOR 
iS TO BE QUALIFIED 


THICKNESS OF 
MATERIAL FOR 
TESTeWEED 


Up to and including 3/4 in. 3/8 in. 


Over 3/4 in. 


Maximum, but need 
not exceed | in. 


NUMBER AND TYPE OF TESTS REQUIRED 


ROOT-BEND FACE-BEND SIDE-BEND 
See See See 
Fig. 27-9 Fig. 27-9 Fig. 27-10 


] l 


Fig. 27-33. Operator qualification tests for groove welds in plate. 


MAXIMUM THICKNESS 
FOR WHICH OPERATOR 
IS TO BE QUALIFIED 


THICKNESS OF 
MATERIAL FOR 
TEST WELD 


Up to and including 3/4 in. 3/8 in. 


Over 3/4 in. 


Maximum, but need 


not exceed ] in. 


NUMBER AND TYPE OF TESTS REQUIRED 


ROOT-BEND FACE-BEND SIDE-BEND 
See See See 
Fig. 27-16 Fig. 27-16 Fig. 27-10 

2 2 


Fig. 27-34. Operator qualification tests for groove welds in pipe. 


27-30. RECORDS 


Copies of the record for each quali- 
fied welding operator shall be kept by 
the manufacturer or contractor, and 
shall be available to those authorized 
to examine them, 


RECOMMENDED FORMS OF PROCE- 
DURE SPECIFICATIONS 


27-31. CARBON ARC WELDING 
PROCESS 


PROCEDURE SPECIFICATION FOR 
CARBON ARC WELDING OF 
(State Class of Object to be Welded) 

Specification No. .... 

De a a ne e =o 

Process: The welding shall be done 
by the Carbon Arc Process. 

Base Metal: The base material shall 

conform tothe Specifications for (insert 

here references to standard A.S.T.M. 


or other Code designations, or give the 
chemical analysis and physical prop- 
erties). 

Filler Metal: The filler metal shall 
conform to Classification Number---of 
the American Welding Society's Spec- 
ification for (insert here the title of 
the desired specification). 

Position: The welding shall be done 
in the (give the position or positions 
in which the welding will be done). 

Preparation of Base Material: The 
edges or surfaces of the parts to be 
joined by welding shall be prepared by 
(state whether sheared, machined, 
ground, gas cut, etc.), as shown on the 
attached sketches and shall be cleaned 
of all oil or grease and excessive 
amounts of scale or rust, except that 
a thin coat of linseed oil, if present, 
need not be removed. (The sketches 
referred to should show the arrange- 
ment of parts to be welded with the 
spacing and details of the welding 
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groove, if used, Such sketches should 
be comprehensive and cover the full 
range of material or base metal thick- 
nesses to be welded.) 

Size of Carbon or Graphite Elec- 
trodes: The range in size of carbon or 
graphite electrodes shall be as shown 
on the attached sketch, (The sketches 
referred to may be the same as men- 
tioned under "Preparation of Base 
Material" or may be a separate set, 
They should show the range of electrode 
sizes for each thickness of material.) 

Nature ofElectric Current: Thecur- 
rent used shall be (state whether direct 
or alternating and if alternating give 
the frequency). The base material shall 
be on the (state whether negative or 
positive) side of the line, 

Method of Welding: The method of 
welding used shall be that known as 
(describe whether "backhand" or ''fore- 
hand"), 

Current Characteristics: The ap- 
proximate voltage and amperage during 
welding shall be as shown on the at- 
tached sketches. (The sketches re- 
ferred to may be the same as those 
under ''Preparation of Base Material" 
or under "Number of Layers and Passes 
of Welding.") 

Size of Welding Rod: The size of 
rod used for the various base material 
thicknesses shall be as shown on the 
attached sketches. (The sketches re- 
ferred to may be the same as men- 
tioned under "Preparation of Base 
Material'' or may be a separate set.) 

Number of Layers and Passes of 
Welding: The number of layers and 
passes of welding used shall be as 
shown on the attached sketches, (The 
sketches referred to may be the same 
as mentioned under ''Preparation of 
Base Material" or may be a separate 
set. They should show the range of 
thicknesses for which one, two or 
more layers are used.) 


Cleaning: All slag or flux remaining 
on any bead of welding shall be removed 
before laying down the next successive 
bead. 

Defects: Any cracks or blowholes 
that appear on the surface of any bead 
of welding shall be removed by chipping, 
grinding or gas gouging before deposit- 
ing the next successive bead of weld- 
ing. 

Peening: (If peening is to be used, it 
shall be incorporated as part of the 
Specifications, a description being 
given of the degree of peening to be 
done.) 

Treatment of Underside of Welding 
Groove: (The method of preparing the 
under or second side of a groove for 
welding on that side should be stated 
in this paragraph.) 

Preheating: (This paragraph should 
describe any preheating that will be 
done.) 

Heat Treatment: (This paragraph 
should describe any heat treatment or 
stress relieving that is given the weld- 
ed parts before or after welding.) 

Name of Manufacturer 


21-32. METAL ARC WELDING 
PROCESS 


PROCEDURE SPECIFICATION FOR 
METAL ARC WELDING OF 
(State Class of Object to be Welded) 

Specification No..... 
Date. aau 

Process: The welding shall be done 
by the Metal Arc Process. 

Base Metal: The base material shall 
conform tothe Specifications for (insert 
here references to standard A.S.T.M. 
or other Code designations, or give the 
chemical analysis and physical prop- 
erties). 

Filler Metal: The filler metal shall 
conform to Classification Number--- 
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of the American Welding Society's 
Specification for (insert here the title 
of the desired specification). 

Position: The welding shall be done 
in the (give the position or positions in 
which the welding will be done). See 
PAR, 27-12. 

Preparation of Base Material: The 
edges or surfaces of the parts to be 
joined by welding shall be prepared by 
(state whether sheared, machined, 
ground, gas cut, etc.), as shown on the 
attached sketches and shall be cleaned 
of all oil or grease and excessive 
amounts of scale or rust, except that 
a thin coat of linseed oil, if present, 
need not be removed. (The sketches 
referred to should show the arrange- 
ment of parts to be welded with the 
spacing and details of the welding 
groove, if used, Such sketches should 
be comprehensive and cover the full 
range of material or base metal thick- 
nesses to be welded.) 

Nature of Electric Current: The cur- 
rent used shall be (state whether direct 
or alternating and if alternating give 
the frequency). The base material shall 
be on the (state whether negative or 
positive) side of the line. 

Welding Technique: The welding 
technique, electrode sizes, and mean 
voltages andcurrents foreachelec- 
trode shall be substantially as shown 
on the attached sketches. (The sketches 
referred to may be the same as men- 
tioned under "Preparation of Base 
Material"! or may be separate sketches. 
They should show for the minimum 
thickness and for several intermediate 
thicknesses of base material, the weld- 
ing technique to be used, whether weav- 
ing or beading, the number of layers 
or passes and diameter of electrode 
with the mean voltage and current for 
each layer or pass, and in the case of 
vertical welds, the progression of each 
pass, whether upward or downward.) 


NOTE: Since, in the welding of many 
materials in the flat position and par- 
ticularly for the ordinary mild steels, 
the proper welding "heat" can be readily 
determined by the appearance of the 
individual beads of welding, the use of 
a "Standard Appearance Weld" may be 
desirable for the flat position. Such a 
weld should be made in the maximum 
thickness that will be usedinconstruc- 
tion, except that the maximum thick- 
ness of the Standard Appearance Weld 
need not exceed 3/4 in., and should 
show approximately 2 in. ofthe surface 
of each layer and a cross section 
through the weld at each layer, where 
such cross section is found necessary 
to produce a clearly understandable 
photograph. When a Standard Appear- 
ance Weld is used the following para- 
graph should be used in lieu of speci- 
fying current and voltage values. 

Appearance of Welding Layers: The 
welding current and manner of deposit- 
ing the weld metal shall be such that 
the layers of welding as deposited shall 
have the appearance shown on the photo- 
graphs attached hereto. There shall be 
practically no undercutting on the side 
walls of the welding groove or the ad- 
joining base material. 

Cleaning: All slag or flux remaining 
on any bead of welding shallbe removed 
before laying down the next successive 
bead. 

Defects: Any cracks or blowholes 
that appear on the surface of any bead 
of welding shallbe removed by chipping, 
grinding or gas gouging before deposit- 
ing the next successive bead of welding. 

Peening: (If peening is to be used, it 
shall be incorporated as part of the 
Specifications, a description being 
given of the degree of peening to be 
done.) 

Treatment of Underside of Welding 
Groove: (The method of preparing the 
under or second side of a groove for 
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welding on that side should be stated 
in this paragraph.) 

Preheating: (This paragraph should 
describe any preheating that will be 
done.) 

Heat Treatment: (This paragraph 
should describe any heat treatment or 
stress relieving that is given the welded 
parts before or after welding.) 

Name of Manufacturer 


27-33. OXYACETYLENE 
WELDING PROCESS 


PROCEDURE SPECIFICATION FOR 
OXYACETYLENE WELDING OF 
(State Class of Object to be Welded) 
Specification No..... 
BUG NON sis ss o s 6 

Process: The welding shall be done 
by the Oxyacetylene Process. 

Base Metal: The base material shall 
conform tothe Specifications for (insert 
here references to standard A.S,. T. M. 
or other Code designations, or give the 
chemical analysis and physical prop- 
erties). 

Filer Metal: The filler metal shall 
conform to Classification Number--- 
of the American Welding Society's 
Specification for (insert here the title 
of the desired specification). 

Position: The welding shall be done 
in the (give the position or positions in 
which the welding will be done. See 
IPAR 1-22: 

Preparation of Base Material: The 
edges or surfaces of the parts to be 
joined by welding shall be prepared 
by (state whether sheared, machined, 
ground, gas cut, etc.), as shown on the 
attached sketches and shall be cleaned 
of all oil or grease and excessive 
amounts of scale or rust, except that 
a thin coat of linseed oil, if present, 
need not be removed. (The sketches 
referred to should show the arrange- 
ment of parts to be welded with the 


spacing and details of the welding 
groove, if used. Such sketches should 
be comprehensive and cover the full 
range of material or base metal thick- 
nesses to be welded.) 

Size of Welding Tip: The range in 
size of welding tips used shall be as 
shown on the attached sketch, (The 
sketches referred to may be the same 
as mentioned under ''Preparation of 
Base Material" or may be a separate 
set. They should show the range of tip 
sizes for each thickness of material.) 

Nature of Flame: The flame used for 
welding shallbe (state whether a neutral 
flame or one with slight excess of 
acetylene is to be used). 

Method of Welding: The method of 
welding used shall be that known as 
(describe whether ''backhand" or ''fore- 
hand"). 

Size of Welding Rod: The size of rod 
used for the various base material 
thicknesses shall be as shown on the 
attached sketch. (The sketches referred 
to may be the same as mentioned under 
"Preparation of Base Material" or may 
be a separate set.) 

Number of Layers of Welding: The 
number of layers of welding used shall 
be as shown on the attached sketches. 
(The sketches referred to may be the 
same as mentioned under "Preparation 
of Base Material" or may be a separate 
set. They should show the range of 
thicknesses for which one, twoor more 
layers are used.) 

Cleaning: All slag or flux remaining 
on any layer of welding shall be re- 
moved before laying down the next 
successive layer. 

Defects: Any cracks or blowholes 
that appear on the surface of any layer 
of welding shallbe removed by chipping, 
grinding, or gas gouging before deposit- 
ing the next successive bead of welding. 

Peening: (If peening is to be used, it 
shall be incorporated as part of the 
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Specifications, a description being 
given of the degree of peening to be 
done.) 

Treatment of Underside of Welding 
Groove: (The method of preparing the 
under or second side of a groove for 
welding on that side should be stated 
in this paragraph.) 

Preheating: (This paragraph should 
describe any preheating that will be 
done.) 

Heat Treatment: (This paragraph 
should describe any heat treatment or 
stress relieving that is given the welded 
parts before or after welding.) 

Name of Manufacturer 


27-34. TEST YOUR KNOWLEDGE 


1. What is a procedure qualification? 
2. Describe a root-bend test. 


3. If the steel to be used contains 
20 to 30 point carbon, what percentage 
carbon content should be in the steel 
being tested? 

4, For what items does the Interstate 
Commerce Commission establish min- 
imum standards? 

5. What must be done if it is desired 
to use 25 percent more current for a 
qualified arc welding procedure? 

6. What is the difference between the 
flat position and the horizontal position? 

7. What is the recommended nominal 
pipe diameter for test purposes? 

8. Why are gauge lines used on free- 
bend test specimens? 

9, Is peening allowable during a qual- 
ification procedure? 

10. May an operator be retested if he 
fails a test? If so, under what con- 
ditions ? 
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there is no change in the chemical 
composition of the same substance in 
any of these three forms. It is, there- 
fore, explained that inaparticular sub- 
stance in the solid form, the molecules 
have a vibrating motion. They stay in 
the same position relative to each other, 
but they are vibrating. When energy is 
applied to the substance, the molecules 
vibrate faster than before and this is 
indicated by an increase in tempera- 
ture, However, only a certain definite 
amount of heat energy may be put into 
the substance, and only a certain tem- 
perature rise can be obtained in a 
solid. After this amount has been ab- 
sorbed by the substance, if any addi- 
tional energy is added the molecules 
will travel at such a rate that the mole- 
cules cannot stay within their vibrating 
bonds. At this heat level an internal 
change of structure occurs within the 
molecule, accompanied by considerable 
absorption of energy, and the sub- 
stance changes slowly from the solid 
to the liquid state. The substance will 
absorb heat during the transformation, 
but there is no temperature rise. All 
the heat being applied, regardless of 
how fast or slow, produces the internal 
structural change, rather than an in- 
crease of the motion of the molecule. 

The theory of the energy in a liquid 
substance is that the molecule now 
travels in a straight line until it comes 
into contact with another molecule, 
instead of vibrating. This necessarily 
means that the substance will now have 
no definite shape and will have no ri- 
gidity. It must, therefore, be kept ina 
container. However, the structure of 
the molecule is such that the individual 
molecules still have considerable at- 
traction one for the other; one molecule 
will attract another enough to divert 
its path and also to prevent it from 
traveling too far apart. 


As energy is applied to the liquid 
molecule, the rate of travel increases 
and this is indicated by a temperature 
rise (increase in the heat level). After 
a certain amount of energy has been 
absorbed by the liquid, it will reach a 
certain heat level of temperature, 
where energy applied results not ina 
temperature change, but in an internal 
structure change of the molecule with 
the result that the liquid now turns into 
a gas, While heat is being turned into 
the gas, the temperature cannot rise 
inasmuch as the heat being applied re- 
sults only in a structural change. Upon 
becoming a gas, the molecules lose 
their attraction one for the other and 
travel in straight paths until contacting 
another molecule or some other sub- 
stance. This means that gas must be 
confined to sealed containers. 

Ice, water, and steam are the best 
examples of the above theory. All 
three conditions are easily obtained, 
and changing from one tothe other does 
not reveal any change in chemical com- 
position, 

The welding industry is interestedin 
the energy in heating gases; it is in- 
terested in turning solids to liquids and, 
therefore, the welders should know 
some of the theory of molecular en- 
ergy. 

The heat whichturns solids to liquids, 
liquids to solids, liquids to gases, or 
gases to liquids is called latent heat 
(hidden heat) because the thermometer 
gives no indication of the amount of 


this heat. For example, it requires 
970 Btu to change one pound of water 
at 212 deg. F. to steam at 212 deg. F. 
While welding, one may sometimes note 
that a certain sized tip on a particular 
welding job heats the metaltothe melt- 
ing point, but it has difficulty in actually 
melting the metal. This shows that the 
torch tips must be large enough to 
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heat the metal, and must also furnish 
enough heat to supply the latent heat 
(heat of fusion). 


28-3. TEMPERATURE SCALES 


Many means have been used to meas- 
ure the temperature level, The Fahren- 
heit scale is based on a 0 setting at the 
lowest temperature obtained with 
sodium salt, ice, and water mixture and 
on the premise that the temperature 
level between the melting of ice at sea 
level pressure and boiling of water at 
sea level pressure shall be divided into 
180 equal spaces or increments. This 
results in a 0 deg. F., a 32 deg. F. for 


ice melting, and 212 deg. F. for boiling 
water. | 

The Centigrade scale (metric scale) 
is based on the melting of ice at 0 deg. 
C and the boiling of water at 100 deg.C. 

It has been calculated that molecular 
motion (thermal motion) stops at 
-273.16/deg, C, and at -459.69 deg. F.; 
0 deg. K, and 0 deg. R. 


28-4. TEMPERING TABLE 


As explained in CHAPTER 25, the 
weld, as welded, is a casting and the 
correct heat treatment and/or me- 
chanical working is necessary to max- 
imize the desired physical properties 


A welding shop equipped to fabricate large machine parts and structures. (Lincoln Electric Co.) 


of the metal. The table indicates the 
relationship between the color of the 
steel and its temperature and how im- 
portant these treatments are if the 


TEMPERATURE 
FOR 1 HOUR 

FG. 
370 188 
390 199 
410 210 
430 221 
450 232 
490 254 
510 265 


Modern Welding 


TEMPERATURE 
8 MIN. 
COLOR 

(gs 
Faint Yellow 460 238 
Light Straw 510: — 265 
Dark Straw 560 293 
Brown 610 321 
Purple 640 337 
Dark Blue 660 349 
Light Blue 710720376 


items are to give good service. Many 
of the items are not recommended for 
welding. Some of these items are best 
brazed or braze welded. 


SUGGESTED USES 


Scrapers, brass turning tools, reamers, 
taps, milling cutters, saw teeth. 

Twist drills, lathe tools, planer tools, 
finishing tools. 

Stone tools, hammer faces, chisels for 
hard work, boring cutters. 

Trephining tools, stamps. 

Cold chisels for ordinary work, carpen- 
ters' tools, picks, cold punches, shear 
blades, slicing tools, slotter tools. 

Hot chisels, tools for hot work, springs. 

Springs, screwdrivers. 


28-5, PROPERTIES OF ELEMENTS AND METAL COMPOSITIONS 


ELEMENTS SYMBOL 
Aluminum A1 
Antimony Sb 
Armco tron oo 
Barium Ba 
Beryllium Be 
Bismuth Bi 
Boron B 


Brass (70Cu 30Zn) 
Brass (90Cu 10Zn) 


Bronze (90Cu 10sn) 
Cadmium 

Carbon 

Cast Pig Iron 


Cerium 
Chromium 
Cobalt 


Columbium 


Copper 
Gold 
Hydrogen 
Iridium 


lron 

Lead 
Lithium 
Magnesium 


MELTING 
TEMPERATURE 
FAHR. CENT. 
1,218 659 
1,166 630 
2,795 1,535 
1,600 850 
2,348 1,285 
520 271 
3,990 2,200 
1652-1724 900.940 
1868-1886 1020-1030 
1562-1832 850-1000 
610 321 
6,510 3,600 
2012-2282 1100-1250 
1,184 640 
2,770 1,520 
2,700 1,480 
3,124 1,700 
1,980 1,100 
1,900 1,060 
—434.2 —259 
4,260 2,350 
2,790 1,530 
621 327 
367 186 
1,204 651 


SPECIFIC 
GRAVITY 


2-7 
6.69 
7:9 
3.6 
1.84 
9:75 
2729. 
8.44 
8.60 


8.78 
8.64 
2.34 
TA 


6.8 

6.92 
8.71 
7.06 


8.89 
19.33 

0.070 
22.42 


7.865 
11.37 

.534 
1.74 
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WEIGHT 
BERICUT GRAMS SPECIFIC HEAT 
FOOT PER CU. Cm BTU/Ib/?F Cal/g/°C 
166.7 2.67 0.212 0.226 
418.3 6.6 0.049 0.049 
490.0 7.85 0.115 0.108 
Soa0 219.0 acc 0.068 
1.845 onc 0.46 
612.0 0.029 
ooo 143.0 sac 0.309 
527.0 0.092 . 
540.0 aoe 0.092 . 
548.0 oca 0.092 pod 
Soo 0 550.0 TE 0.055 
2212-1] 3.51 0.113 0.165 
443.2 : 0.13 gaa 
Soon 432.0 ano 0.05 
431.9 6.92 0.104 0.12 
oou 555.0 0.099 
452.54 7.25 
555.6 8.9 0.092 og 
1205.0 19.2 0.032 0.031 
0.00533 zs S5 3.415 
1400.0 22.4 0.032 0.032 
490.9 7/5) 0.115 0.108 
708.5 11.32 0.030 0.030 
a= 32.8 0.79 
SHO 108.5 cog 0.249 
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PROPERTIES OF ELEMENTS AND METAL COMPOSITIONS 


Manganese Mn 2,300 1,260 
Mercury Hg —38 -39 
Molybdenum Me 4,530 2,500 
Nickel Ni 2,650 1,450 
Open Hearth Steel 2462-2786 1350-1530 
Osmium Os 4,890 2,700 
Palladium Pd 2,820 1,550 
Platinum Pt 3,190 1,750 
Rhodium Rh 3,540 1,950 
Ruthenium Ru 4,440 2,450 
Silenium Se 424 218 
Silicon Si 2,590 1,420 
Silver Ag 1,800 960 
Tantalum Ta 5,160 2,800 
Tellurium Te 846 452 
Thallium Ti 576 302 
Thorium Th 3,090 1,700 
Tin Sn 450 232 
Titanium Ti 3,270 1,800 
Tungsten W 5,430 3,000 
Uranium U Scr Cae Oe e 
Vanadium M 3,130 12720 
Wrought fron Bars 3 2,786 1,530 
Zinc Zn 787 419 
Zirconium Zr 3,090 1,700 


28-6. WEIGHT AND EXPANSION 
PROPERTIES OF VARIOUS 


METALS 

WEIGHT PER EXPANSION FOR EACH 

CU. FT. IN 1DEG.F. RISE IN TEM- 

METAL POUNDS PERATURE IN .00001 IN. 
Aluminum 165 1.360 
Brass 520 1.052 
Bronze 555 .986 
Copper 555 .887 
Gold 1200 .786 
Iron (Cast) 460 .556 
L ead 710 15571] 
Nickel 550 .695 
Platinum 1350 .479 
Sil ver 655 1.079 
Steel 490 .689 


28-7. THE CHEMISTRY OF 
GAS WELDING 


Chemical formula of combustion of 
Acetylene and Oxygen. 
Acetylene = Cə Ho 


7.4 


463.2 7.40 0.111 0.107 
13.55 848.84 13.6 0.033 0.033 
10.3 x 638.0 Xo 0.065 
8.80 555.6 8.9 0.109 0.112 
7.8 486.9 dicm 0.115 AA: 
22.48 1405.0 0.031 
12.16 Es 750.0 ee 0.059 
21.45 1336.0 21.4 0.032 0.032 
12.4 776.0 0.060 
12:2 762.0 0.061 
4.8 LT 300.0 3: 0.084 
2.49 191.1 2.10 0.175 0.176 
10.5 655.5 10.5 0.055 0.056 
16.6 1037.0 0.036 
6.23 389.0 0.047 
11.85 740.0 0.031 
13.5 Se 717.0 -— 0.028 
7.30 455.7 7.30 0.054 0.054 
Gee 218.5 3.50 0.110 0.142 
17:5 1186.0 19.0 0.034 0.034 
18.7 1167.0 18.7 0.028 0.028 
6.0 343.3 B 0.115 
7.8 486.9 0.11 
7.19 443.2 tet 0.093 me 
6.38 398.0 0.066 
Oxygen = 


Carbon Monoxide 


Carbon Dioxide = 


Water (Vapor) = H90 


2 C2 Ho +3 02 2 4C O* 2H2 O+ Heat 


It may be noticed from the above 
equation that in the neutral flame the 
carbon unites with the oxygen to form 
carbon monixide. Carbon monoxide is 
unstable and will unite with oxygen to 
form carbon dioxide. This accounts for 
the fact that surrounding the cone of 
the flame is an area of flame of lesser 
intensity in which the carbon monoxide 
is united with atmospheric oxygen to 
form carbon dioxide. The layer ofcar- 
bon monoxide tends to keep the molten 
weld metal from oxidizing, as it ab- 
sorbs any free oxygen present. 

The chemical action in the outer 
flame becomes: 

2 C O+ Og = 2 C O + heat 
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The oxygen in this casecomesfromthe 28-9. BLAST FURNACE 


atmosphere surrounding the flame. OPERATIONS 
This principle must be remembered 
when welding in a confined space in The blast furnace is used to convert 
which a free movement of air cannot iron ores to pig iron. 
exist above the torch tip; under these The following raw materials are fed 
conditions more oxygen will need to be to the furnace: 
fed to the torch tip in order that a ORES 
carburizing flame may be attained, Hematite (red iron) Fe9O3 70 % iron 


28-8, FLAME CHARACTERISTICS: HEAT UNITS AND FLAME 
TEMPERATURE OF VARIOUS FUEL GASES 


FLAME FLAME 
CHEMICAL BTU TEMPERATURE DEG. F. TEMPERATURE DEG. F. 
GAS FORMULA PERCU. FT. WITH AIR WITH PURE OXYGEN 
Acetylene CH, 1475 4800 5600-5900 
Hydrogen H 275 4000 4390-5200 
City Gas --- 600 3750 4400 
Propane C,H, 2520 3800 5300-5610 
Butane es 3250 3900 5400 
Natural Gas CH, & H, 1000 3800 5025 
Mapp --- 2400 2680 5300 


A seam welder using e segment of a complete circular electrode. The segment electrode is necessary when 
an obstruction lies in the path of the seam being welded. (Sciaky Bros. Inc.) 
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Magnetite (black) Fe304 72.4% iron 
Limonite (brown) Fe203 H9O 60 % iron 
Siderite Iron Carbonate FeCog 48.3% iron 


Hematite an important ore, is ob- 
tained mostly from the Birmingham 
and the Lake Superior districts: 

Marquette range 

Menominee range 

Gogebic range 

Vermillion range 

Mesabi range 

Cayuna range 45 percent Manga- 

nese (ferro manganese) 


FLUX 
A good flux must melt and unite 
with impurities, called gangue, and 
carry them away in form of slag. 
Sand and Alumina are chief impur- 
ities. (Acid) 
Flux is Limestone. (Basic) 

FUEL 
The fuel used must melt the charge 
and furnish heat for the reactions 
in the furnace. It must be low in 
phosphorus and sulphur. 
Coke is ideal for this purpose. 

AIR 
Preheated compressed air is forced 
into the lower part of the furnace. 


The main chemical reactions in the blast furnace are: 


te Oo -- CO9 t heat 
2. CO5-FC-*2CO--heat 


33 Fes03 + 3CO—>3C0O9 +2Fe +heat 


4, MnO+ CO--CO, +Mnt heat 
br SO» TDOCO--CO5 +Si+heat 


In lower zone of furnace 
the CO acts as a reduc- 
ing agent, 

In upper zone of furnace, 


The A1203, CaO, and MnO go through both zones unchanged as not enough 
is furnished to cause the (4) & (5) reactions to go to completion. 


6. FegO,+3C+3CO+ 2Fe--heat 


ie GaC Os *heat--CaO * CO9 
8. MgCOs cheat --MgO + CO» 
9. CasQ,g*2C --CaS-* 2CO» 


10. CaO+ A1903 >CaO . A1303 
Tue Cao + SiO ~CaO . SiO9 


In lower zone as much heat 
is required in upper part 
and goes practically tocom- 
pletion (at about 1500 deg.F.). 


In lower zone and only part- 
ly complete. 


MgO will form similar products. These products plus CaS form the slag. 
SUMMARY 


CaCO + heat>CaOt CO» 
MgCO3 + heat --MgO * CO9 
Fe90, + 3CO--2Fe t 3CO» 
SiO9 * 2CO Si + 2CO9 
MnO-* COMn * CO9 


In reduction or upper zone. 


TECHNICAL DATA 


C+ O2 >C O2 

CO, * C-2CO 

Fe904 * 3C >3CO+2Fe 
CaO+ A1303-CaO-* A1203 
CaO+ SiO5 -- CaO * Si O9 
CaSO, + 2C >CaS+ 2CO2 
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Pure Iron melts at 2700 deg. F. 

Iron containing impurities melts ata 
lower temperature. 

Iron and slag separate in bottom of 
blast furnace because slag being lighter 
floats on top of the molteniron, Impur- 
ities such as Silicon Manganese and 
Carbon are soluble in iron and remain 
in the iron. Iron Sulphide and Iron 
Phosphide are also soluble in iroh so 
must be kept as low as possible. 

Blast Furnace, in production of pig 
iron, must: 

1. Deoxidize the iron ore. 

. Melt the iron. 
. Melt the slag. 
. Carburize the iron, 
. Separate the iron from the slag. 
BLAST FURNACE 
The charge of the furnace and the 
materials resulting are tabulated 


on 4A» CO N 


below: 
MATERIALS MATERIALS 
IN OUT 
ORE PIG IRON 
Fe203 CaSO, Fe FeS 
SiO2 Cas (PŒ )2 C Fe3P 
A1303 MgC O3 Si 
MnO 
FLUX SLAG 
CaCO3 A1203 SiO» 
FUEL CaO Cas 
E GAS 
AIR CO, CO 
OoplusN9 N92 


28-10. CHEMICAL REACTIONS IN 
THE MANUFACTURE OF 
IRON AND STEEL 


Pig iron, now graded by chemical 
analysis, is the starting product for 
wrought iron, cast iron, malleable 
iron and steel, 

CAST IRON 

Cast iron is pig iron remelted and 
somewhat refined in Cupola, and 
cast in its final form. 

WROUGHT IRON 

Wrought iron is produced in a 
puddling furnace, 

Wrought iron is refined at a tem- 
perature below the melting temper- 
ature. 

Wrought iron is quite pure iron but 
contains slag. 

PUDDLING FURNACE 

Pig iron is charged into hearth 
and melted. 

Iron ore is charged into hearth 
and heating continues. 

3Si +2Fe203>4Fe +3S.02 +A 

3Mn+ Fe9O3 —2Fe + 3MnO+ A 

after enough heat is produced then 
3C tFe903-2Fe-t3CO-*tA 


3CO+3/2 O3 —>3 CO +A 


Phosphorus and Sulphur cannot be 
removed in this process, 

The melting point is lowered as im- 
purities are burned out and metal be- 
comes pasty and is puddled into balls 
100-200 lbs, and passedthroughrollers 
to squeeze out the slag, 


The composition of pig iron as compared to wrought iron or steel is listed 


as follows: 


PIG IRON W. IRON or STEEL 
Total Carbon. (C) 3.5 to 4.2596 02 to 1.6% 
Silicon (Si) 1 to 3% .01 to .30% 
Manganese (Mn) .5 to 1% .01 to 1% 
Sulphur (S) .06- .04 to .06% 
Phosphorus (P) .08 to 1% .04 to .10% 
Iron (Fe) 91 to 9495 99% 


W. Iron contains 1-3% slag 
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28-11. OXYGEN CUTTING 
CHEMISTRY 


The chemical reactions of the pre- 
heating flames are the same as those 
in the oxyacetylene torch, and the 
products of combustion are the same. 
However, the cutting torch uses a jet 
of pure oxygen. When the metal to be 
cut is heated to a cherry red by the 
preheating flames, the oxygen jet is 
started (usually a lever valve). The 
action is 

O9 + Fg = FeO, Fe0O2, Fe203, etc., 
indicating all types of iron oxides, 

When the oxidation starts the chem- 
ical combination gives off heat (re- 
leases heat). This release of heat is 
called an exothermal action, However, 
the heat provided is usually not enough 
to permit the cutting to be self-support- 
ing. The preheat flames are usually 
kept burning to provide the needed 
additional heat. 


28-12. THERMIT REACTION 
CHEMISTRY 


The welding of parts or making of 
castings using the exothermic thermit 
process has been used for many years. 
The chemical reaction of the steel 
welding or casting process is: 

8 Al+3 PegO4-9 Fet 4 A19503 + heat 

The aluminum and iron oxide mixture 
must be heated to approximately 2200 
deg. F. to start the reaction described 
above. 

Copper, nickel and manganese have 
also been welded or cast using this 
process. The word Thermit is a reg- 
istered trade name commonly used to 
identify this process. 


28-13. GASES 


Gases are an important part of many 
welding processes. 


Gas welding (or flame welding) uses 
many different gases including: 
Fuel Gases: 
Acetylene 
Propane 
Hydrogen 
Natural Gas 
Combustion Supporting Gases: 
Air 
Oxygen 
Inert Gas Arc Welding Gases: 
Helium 
Argon 
Nitrogen 
Carbon Dioxide 
The properties of these gases and 
their actions and reactions must be 
accurately understood if good welding 
results are to be obtained. 


28-14. MANUFACTURE OF GASES 


The manufacture or production of 
gases used in various welding systems 
must meet two standards: 

1. High purity. 

2. Low moisture content, 

Three of the gases are generally 
produced by the liquefication and dis- 
tillation of air process. These gases 
are: 

1. Oxygen 

2. Nitrogen 

3. Argon 

The other gases and liquids are 
produced by various processes. 


28-15. OXYGEN 


Oxygen is the most abundant element. 
It is essential to animal and plant life. 
It is a vital part of all gas welding 
and cutting processes which involve 
combustion. 

Symbol O 

Atomic Number 8 

Atomic Weight 16.0 
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Specific Gravity 1.105 (basedonair 
having a specific gravity of 1 there- 
fore the gas is heavier than air). 

-182.9 deg. C 

-297.2 deg. F 

-219 deg. C 

-362 deg. F 

LOX is a trademark for aliqutd oxygen 

explosive. This symbol should NEVER 

be used to denote liquid oxygen. 

Fig. 28-1, illustrates the effect of 
temperature on pressure in an oxygen 
cylinder. 


Liquefies at 


Solidifies at 


TEMPERATURE OF 


GAUGE READING 
OXYGEN, DEG. F. PSIG 


100 2147 
90 2098 
80 2049 
70 2000 
60 1951 
50 1902 
40 1853 
30 1804 
20 1755 
10 1706 

0 1657 


Fig. 28-1. Effect of temperature an the oxygen pres- 
sure within a fully charged oxygen cylinder (2000 
psig at 70 deg. F.) 


28-16. ACETYLENE 


Acetylene is a hydrocarbon, that is, 
it is a substance formed of hydrogen 
and carbon. Its chemical formula is 
CoH». It is made by adding calcium 
carbide to water which creates acety- 
lene gas and calcium hydroxide. The 
chemical equation is: 

CaC2-*2 H20 = C9H2 * Ca (OH) 

Acetylene CoH» must never be stored 
as a free gas (in the gas state)at pres- 
sures above 15 psig because it is 
unstable at or above this pressure and 
may disintegrate violently. If it is 
dissolved in acetone, the pressure may 
then be safely increased to approxi- 


mately 250 psig. However, there must 
be an absolute minimum of free gas 
space. It is for this reason that acety- 
lene cylinders are filled with a porous 
material. 

Acetylene has a great range offlam- 
mability. That is, it will burn with the 
oxygen in air in a great range of mix- 
tures. This ability makes the storing 
and handling of acetylene dangerous if 
any leaks develop. 


Symbol CoH» 
Molecular Weight 26.038 
Specific Gravity 0.907as 


compared to air standard of 1; 
therefore acetylene is lighter 
than air. 
Liquefies at 
Flame Temperature, 
Oxyacetylene 5900 deg. F. 
Btu/cu. $t 1483 
Oxyacetylene flame burns at the 
rate of approximately 25 feet per sec- 
ond (about 20 miles/hour) and this 
speed is called flame propagation. To 
have the torch operate successfully, 
the gas speed coming out the torch tip 
orifice must be equal to this burning 
velocity. 


-115.6 deg.F. 


28-17. PROPANE 


Propane is a hydrocarbon with the 
chemical arrangement of C4Hg. It is 
found in petroleum and natural gas. 

The chemical equation when com- 
bined with oxygen is: 

Symbol C3Hg 

Molecular Weight 44.09 

Specific Gravity 1.53 (based 

on air = 1). Therefore, it is heavier 
than air 

Liquefies at 

Flame Temperature, 

Oxypropane 

Btu/cu tt 


-48 deg. F. 


5650 deg. F. 
2600 
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Flame Propagation 
with Oxygen 12 ft/sec. 

Even though propane has almost 
twice as much heating value as acety- 
lene per cu. ft. its speed of burning 
is approximately one half of acetylene. 
Propane gas produces about one half 
the heating value per unit of time as 
acetylene. Most propane tips are ofthe 
multiple orifice type, to provide better 
flame conditions due to the slow flame 
propagation. The lower temperature of 
the oxypropane flame means that for 
welding, oxyacetylene is preferred 
while oxypropane is useful for preheat 
flames in oxycutting operations. 


28-18. HELIUM 


Helium is aninert element and there- 
fore an inert gas. It does not combine 
with other elements. This property 
makes helium an excellent shielding 
gas for all kinds of arc welding. 

It has the chemical symbol He; atomic 
number 2; atomic weight 4.003, boil- 
ing temperature -432 deg. F. It is a 
light gas (low density) and quickly 
leaves the vicinity of the arc when 
being used as a shielding gas. Argon 
gas is approximately nine times as 
heavy, and therefore less argon gas is 
needed to shield the arc. Helium for- 
merly was usedextensively asa shield- 
ing gas for aluminum and magnesium 
welds. However, argon and argon- 
helium mixtures are in more general 
use at the the present time. 


28-19. ARGON 


Argon is a colorless, odorless, and 
tasteless gas. 

A cubic foot of argon at 70 deg. F. 
and at atmospheric. pressure weighs 
.1034 pounds (or 9.671 cubic feet weighs 
one pound). Argon gas is therefore 


heavier than air, This gas will condense 
into a liquid at -302.55 deg. F. (-185.86 
deg. C) and will become a solid at 
-308.67 deg. F. (-189.26 deg. C) as- 
suming atmospheric pressure. 

It will dissolve in water at the ratio 
of four volumes to 100 volumes of 
water. Argon gas is chemically inert, 
It will not burn or explode, It will not 
react (unite) chemically with any other 
elements or compounds. 

Commercial argon is obtainable in 
two grades: 

1. Incandescent lamp grade. 

2. Welding grade. 

The incandescent lamp grade con- 
tains higher amounts of nitrogen and 
is the most common gas used in elec- 
tric light bulbs. 

The welding grade has the following 
composition: 

.001% maximum oxygen 

.001% maximum hydrogen 

.008% maximum nitrogen 

99.990% minimum argon 

Argon is ideal for both gas tungsten- 
arc welding and gas metal-arc welding 
shielding purposes. 

Argon is manufactured by: 

1. Liquefying air. 

2. Distilling air (oxygen, nitrogen, 
argon, etc., have different boiling tem- 
peratures and can be separated). 

3. Rectification. 

4. Reliquefying. 

5. Distallation (to reduce the oxygen 
and nitrogen proportions to the correct 
limits). 

6. Drying. 

Argon is passed through a dessicant 
(moisture absorber - usually alumina) 
under high pressure and enough mois- 
ture is removed to produce a dew point 
temperature of -76 deg. F. (-60 deg. C). 
This means less than .02 milligrams 
per liter and the moisture content is 
less than .00084 percent by weight. 
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28-20. NITROGEN 


Nitrogen is an odorless, colorless, 
and tasteless gas which will not burn 
or explode. 

At normal temperatures it will not 
combine with other elements or com- 
pounds. At high temperatures it will 
combine with oxygen, hydrogen and 
certain metals (magnesium and chro- 
mium). 

Nitrogen gas weighs .07247 pounds 
per cubic foot at "70 deg. F., and at 
atmospheric pressure (13.8 cu. ft. per 
lb.). It therefore is approximately the 
same weight as air. 

The gas will liquefy at -320.46 deg. 
F. (-195.808 deg. C) and will become 
a solid at -346.04 deg. F. (-210.02 
deg. C). 


It is manufactured by: 
1. Liquefication of air. 
2. Distillation. 

3. Rectification, 

4. Drying. 


28-21. CARBON DIOXIDE 


Carbon dioxide is used in welding as 
a shielding gas. It is not an inert gas. 
It is composed of 1 part carbon and 
two parts oxygen (CO). This molecule 
is an oxidizing agent equal in oxidation 
action to a 91 percent argon - 9 percent 
oxygen mixture. Therefore the welding 
wire must have oxidation elements 
(sometimes called dioxidizers). Two 
common ones are manganese and sili- 
con, It is known by test that approxi- 
mately half of these two elements are 
turned into oxides as the welding wire 
passes through the arc, 

In the arc, the carbon dioxide tends 
to break down, About 7.7 to 12 percent 
of the gas turns into Carbon Monoxide, 


a toxic gas. Fortunately, the carbon 
monoxide can exist only in the high 
temperature zones and it recombines 
into carbon dioxide rapidly when good 
ventilation practices are followed. At 
7 in. from the arc, only .01 percent of 


the gas ( ) is carbon monoxide. 


íl 
10,000 
This is 1/10 of the safe limit for car- 
bon monoxide, 

Carbon dioxide is usually stored in 
the liquid form in cylinders. The cyl- 
inders are filled approximately two 
thirds full. The pressure inthe cylinder 


Typical Welding Symbols 


BACK OR BACKING WELD SYMBOL 


"e ANY APPLICABLE SINGLE 
ee WELD SYMBOL. 
SURFACING WELD SYMBOL INDICATING BUILT-UP SURFACE 


SIZE (HEIGHT OF DEPOSIT ORIENTATION, LOCATION 
OMISSION INDICATES NO L AND ALL DIMENSIONS 


SPECIFIC HEIGHT DESIRED " OTHER THAN SIZE ARE 
SHOWN ON THE DRAWIN 


DOUBLE-FILLET WELDING SYMBOL 
SIZE (LENGTH OF LEG) LENGTH 


NS T OMISSION INDICATES 

SPECIFICATION, PROCESS | IG - Noten a 
ORSOTHERURERESERGE CHANGES IN DIRECTION 

OR AS DIMENSIONED 


CHAIN-INTERMITTENT-FILLET WELDING SYMBOL 


T NN LENGTH OF INCREMENT: 
-6 
PITCH (DISTANCE BETWE 
CENTERS) OF INCREMEN 


STAGGERED INTERMITTENT-FILLET WELDING SYMBOL 
LENGTH OF INCREMENT: 


SIZE (LENGTH OF LEG) — ed 


SUE (LENGTH OF LEG) 


cH 
16 


PITCH (DISTANCE BETWI 
CENTERS) OF INCREMEN 


SINGLE-V GROOVE WELDING SYMBOL 
SIZE (DEPTH OF CHAMFERING) 
OMISSION INDICATES DEPTH I 1 
OF CHAMFERING EQUAL TO 2 rs 
THICKNESS OF MEMBERS 60° ROOT OPENING. 
GROOVE ANGLE. 


Fig. 28-2. Basic arc and gas welding symbols. 
(American Welding Society) 
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is a function of the vapor pressure 
characteristic of carbon dioxide, 
For example: 


Pressure 

Temp. deg. F. in cylinder, 
psig 
0 290 
30 476 
70 ‘835 
100 1450 


Carbon dioxide gas must be kept dry 


as moisture in the gas creates porous 
BM ig o0 BB QR 


welds. Only welding grade carbon diox- 
ide should be used, This gas is so dry 
that the gas must be cooled to -40 deg. 
F. before moisture will start to con- 
dense out of the gas. This condition 
means that the gas has only .0065 per- 
cent moisture (1percent =.01 therefore 
.0065 percent = .01 x .0065 = .000065 or 
65 parts per million). Gas with a -80 
deg. F. is much better in this respect, 
because it has only 30 parts per million 
of moisture .003 percent. 


28-22. TABLE OF DECIMAL SIZES FOR NUMBER DRILLS 


DRILL DECIMAL DRILL 
NUMBER SIZE NUMBER 
1 .2280 28 
2 .2210 29 
3 .2130 30 
4 .2090 31 
5 .2055 32 
6 .2040 33 
7 .2010 34 
B -1990 35 
9 . 1960 36 
10 .1935 37 
11 .1910 38 
12 . 1890 39 
13 . 1850 40 
14 . 1820 41 
15 . 1800 42 
16 1770 43 
17 1730 44 
18 .1695 45 
19 . 1660 46 
20 . 1610 47 
2] -1590 48 
22 .1570 49 
23 . 1540 50 
24 .1520 51 
25 .1495 52 
26 .1470 53 
27 .1440 54 


DECIMAL DRILL DECIMAL 
SIZE NUMBER SIZE 
.1405 55 .0520 
.1360 56 .0465 
.1285 57 .0430 
.1200 58 .0420 
.1160 59 .0410 
.1130 60 .0400 
.1110 61 .0390 
.1100 62 .0380 
.1065 63 .0370 
. 1040 64 .0360 
.1015 65 .0350 
0995 66 .0330 
0980 67 .0320 
0960 68 .0310 
0935 69 .02925 
0890 70 .0280 
0860 71 .0260 
0820 72 0250 
0810 us .0240 
0785 74 .0225 
0760 75 .0210 
0730 76 0200 
0700 77 0180 
0670 78 0160 
0635 19 0145 
0595 80 0135 
0550 
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Modern Welding 


From Bureau Of Standards' Simplified Practice Recommendation R166-37) 


S.A.E. 
Number 


1010 
1015 
X1015 


S.A.E. S.A.E. 
Code Color NN Code Color Number Code Color Nantier 

CARBON STEELS 2115 | Red and bronze T1340 | Orange and green 3450 
White 2315 | Red and blue T1345 | Orange and red 4820 
White 2320 | Red and blue T1350 | Orange and red 
White 2330 | Red and white NICKEL-CHROMIUM STEELS 5120 
Brown 2335 | Red and white 3115 | Blue and black 5140 
Brown 2340 | Red and green 3120 | Blue and black 5150 
Red 2345 | Red and green 3125 | Pink 52100 
Red 2350 | Red and aluminum 3130 | Blue and green 
Blue 2515 | Red and black 3135 | Blue and green 6115 
Blue MOLYBDENUM STEELS| 3140 | Blue and white 6120 
Green 4130 | Green and white X3140 | Blue and white 6125 
Green X4130 | Green and bronze 3145 | Blue and white 6130 
Orange 4135 | Green and yellow 3150 | Blue and brown 6135 
Orange 4140 | Green and brown 3215 | Blue and purple 6140 
Bronze 4150 | Green and brown 3220 | Blue and purple 6145 
Aluminum 4340 | Green and aluminum 3230 | Blue and purple 6150 
FREE CUTTING STEELS 4345 | Green and aluminum 3240 | Blue and aluminum 6195 
Yellow 4615 | Green and black 3245 | Blue and aluminum 
Yellow 4620 | Green and black 3250 | Blue and bronze 71360 
Yellow and brown 4640 | Green and pink 3312 | Orange and black 71660 
Yellow and blue 4815 | Green and purple 3325 | Orange and black 7260 
Yellow and red X1340 | Yellow and black 3335 | Blue and orange 
Yellow and black MANGANESE STEELS 3340 | Blue and orange 9255 
NICKEL STEELS T1330 | Orange and green 3415 | Blue and pink 9260 
Red and brown T1335 | Orange and green 3435 | Orange and aluminum 


28-24. COLOR CODE FOR MARKING 


Code Color 


Black and bronze 
Green and purple 
CHROMIUM STEELS 
Black 

Black and white 
Black and white 
Black and brown 
CHROMIUM-VANADIUM STEELS 
White and brown 
White and brown 
White and aluminum 
White and yellow 
White and yellow 
White and bronze 
White and orange 
White and orange 
White and purple 
TUNGSTEN STEELS 
Brown and orange 
Brown and bronze 
Brown and aluminum 
SILICON-MANGANESE STEELS 
Bronze and aluminum 
Bronze and aluminum 


Nonferrous Metals (From Federal Standard Stock Catalog) 


Specifications 


Markings 


Federal 


Navy | AS.T.M. 


Background 


Stripe 


ALUMINUM ALLOY, soft . 
halfharde... 


Navy alloy A-2.... 
Navy alloy A-2, heat 


Navy alloy No. 2, an- 
nealed, heat treated 
Navy alloy No. 4, soft 


gu ocou»Uu 


QQ-A-451 | 46-A-2 
46-A-3 
46-A-3 
46-A-3 
46-A-3 
46-A-4 
47-A-4 
47-A-4 
47-A-3 


47-A-3 
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Lead & tan 
Lead & tan 
Lead & tan 
Lead & tan 
Lead & tan 
Lead & tan 
Lead & red 
Lead & red 
Lead & red 
Lead & red 


Black 
Brown 
White 
Green 
Yellow 
Red 
None 
Blue 
Brown 
Black 


Lead & red 
Lead & white 


Lead & white 


Lead & white 


Lead & white 


White 
None 


Black 
Brown 


Green 
Lead & yellow | Blue 


Technical Data 


Specifications Markings 
Metal 
Federal Background 
: Brown & green 
Commercial, type 1.. A QQ-B-611 B15-18 Brown & green | Blue 
Commercial, type 1 . B | QQ-B-611 B16-18 | Brown & green | Lead 
Commercial, type 1. . C QQ-B-611 Brown & green | Tan 
Commercial, type 2. . B QQ-B-611 | 47-B-2 Brown & green | Red 
Commercial, type 2..| C | QQ-B-6l1 Brown & green | White 
Naval, rolled........ 46-B-6 Brown & green | Yellow 
BRONZE. oc cese 1 QQ-B-701 | 46-B-25 Brown &tan | Black 
2 QQ-B-701 | 46-B-25 Brown &tan | Blue 
3 QQ-B-701 | 46-B-25 Brown &tan | Green 
4 QQ-B-701 | 46-B-25 Brown & tan | Lead 
5 QQ-B-701 | 46-B-25 Brown &tan | Red 
6 QQ-B-701 | 46-B-25 Brown &tan | White 
Aluminum........ 46-B-19 Brown & white | Black 
Journal. .........- 46-B-9 Brown & white | Blue 
Manganese.......... QQ-B-721 | 46-B-16 | B7-27 Brown & white | Green 
Muntz Metal. ...... : Brown & white | Lead 
Phosphor ARUM 46-B-14 Brown & white | Tan 
Rivet o GT IEEE i Brown & white | Red 
Special Brown & white | Yellow 
COPPER, hard drawn. . QQ-C-501| 47-C-2 Red & white | Black 
Soft drawn......... QQ-C-501 | 47-C-2 Red & white | Blue 
Phosphor.......... A QQ-C-571| 46-C-3 Red & yellow | Black 
Silicon..........-- QQ-C-581 | 46-C-2 | B53-27 Red & yellow | Brown 
Nickel............. QQ-C-541 | 46-M-7 Red & yellow | Green 
NICKEL OO eere A | QQ-N-301| 46-N-2 B39-22 | Green &lead | Black 
B | QQ-N-301| 46-N-2 B39-22 Green & lead | Blue 
MANGANESE-NICKEL. . 46-N-3 Green & tan | Black 
NICKEL-SILVER....... A QQ-N-321| 46-S-3 Green & tan | Lead 
TIN, phosphor........ QQ-T-351| 46-T-2 | B51-27 |Green& yellow Black 
ZING! EE usse A QQ-Z-351 | 46-Z-1 Green & white | Black 
B QQ-Z-351 | 46-Z-1 Green & white | Blue 
cC QQ-Z-351 | 46-Z-1 Green & white | Brown 
D QQ-Z-351 | 46-Z-1 Green & white | Lead 
| E QQ-Z-351 | 46-Z-1 Green & white | Tan 


28-25. WELDING SYMBOLS AND 
INSTRUCTION FOR 
THEIR USE 


Welding symbols for drafting pur- 
poses, field welding instruction pur- 
poses, and inspecting purposes are 
available for welding, brazing, solder- 
ing, and inspecting. Anyone desiring to 
use these symbols or work from draw- 
ings where the symbols are used should 
have the latest copy of the American 
Welding Society's Standard Welding 
Symbols. 

The American Welding Society sym- 
bols Figs. 28-2, 28-3, and 28-4, given 
here are used both here and abroad. 
The symbols are the same as used 


previously but the method of using them 
has been improved and clarified. 

The symbols Figs. 28-2, 28-3, 28-4, 
provide the means of placing complete 
welding information on drawings. It is 
important that you become thoroughly 
familiar with these symbols. 

Instructions for Use of Welding Sym- 
bols: 

General 

A. Do not use the word "weld" asa 
symbol on drawings. 

B. Symbols may be made freehand, 
or not as desired. 

C. Inch, degree and pound marks may 
be used, or not as desired. 

D. The symbol may be used without 
specification references or tails to 
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designate the most commonly used 
specification when the following note 
appears on the drawing: "Unless other- 


FINISH SYMBOL 
CONTOUR SYMBOL 


ROOT OPENING; DEPTH OF FILLING 
FOR PLUG AND SLOT WELDS 


SIZE; SIZE OR STRENGTH 
FOR RESISTANGE WELDS 
REFERENCE LINE 


SPECIFICATION, PROCESS? 
OR OTHER REFERENCE 
TAIL (MAY BE OMITTED 
WHEN REFERENCE 
IS NOT USED) 
BASIC WELD SYMBOL 
OR DETAIL REFERENCE 


(Born f SIDES) 


IN THIS 
REMAIN AS 


ELEMENTS 


WHEN TAIL AND ARROW 
ARE REVERSED 


Welding 


user's standard contours unless other- 
wise indicated. 
H. Faces of welds assumed not to be 


GROOVE ANGLE; INCLUDED 
ANGLE OF GOUNTERSINK 
FOR PLUG WELDS 


LENGTH OF WELD 

PITCH (CENTER -TO-CENTER 
SPACING) OF WELDS 
ARROW CONNECTING REF- 
ERENCE LINE TO ARROW 
SIDE OF JOINT, TO GROOVED 
MEMBER, OR BOTH 


FIELO WELD SYMBOL 
WELD ALL AROUND SYMBOL 


NUMBER OF SPOT OR 
PROJECTION WELDS 


AREA 
SHOWN 


Fig. 28-3. Meanings of lines, arrows, 
and notes used with welding symbols. 


wise designated, all welds to be made 
in accordance with welding specifi- 
cation No, — ." 


E. When specification reference is 
used, place in tail of arrow. 


i 


NOTE OVERLAP 


ADS AN 


OESIRED WELDS 


finished other than cleaned unless 
otherwise indicated. 

I. All except plug, spot, and pro- 
jection welds assumed continuous un- 
less otherwise indicated, 


SYMBOL 


Fig. 28-4. Explanation of welding 
symbol as applied to fillet welds. 


F. Symbols apply between abrupt 
changes in direction of joint or to 
extent of hatching or dimension lines 
(except where all-around symbol is 
used). 

G. Faces of welds assumed to have 


28-26. HEALTH HAZARDS 


As a part of your instruction in 
welding, it is important for you to be 
familiar with, and to be able to recog- 
nize conditions that may be hazardous 
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to health, It is important too, to re- 
member that the best way to attack 
the hazards, is to eliminate or control 
the conditions that are responsible. 

The oxygen-acetylene flame is gen- 
erally safe, but there is a carbon 
monoxide (CO) problem in a poorly 
ventilated place. The reaction tends to 
stop at CO formation and needs heat 
to change the gas to carbon dioxide 
(CO2). One must watch for cold metal 
(chilling the flame). 

Coatings on metals are a problem 
when the metal is heated, Nitrogen 
dioxide, coated electrode fumes, and 
iron oxide fumes are examples, 

Coated Surface Problems: 

Red lead paint is often used outdoors 
for metal finishing and protection, Lead 
oxide fumes caused by burning lead 
paint coatings can produce acute lead 
poisoning. 

Cadmium plate is frequently used on 
small parts. Cadmium oxide fumes at 
low levels produce a chronic condition, 
while at high levels the fumes are 
harmful to lungs and liver. 

Silver brazing alloy fumes can be 
quite dangerous. 

Termeplate is a metallic lead coat- 
ing and is dangerous when heated, 

Flux Problems: 

Fluorides in fluxes are common. 
Fluorides fumes are harmful, 

Manganese dioxide is not too toxic. 
It may cause trouble if ventilation is 
poor. 

When inert gas arc welding alumi- 
num, there is a possibility of real 
trouble as the ultraviolet frequency is 
right to form ozone. This gas is most 
toxic and may cause severe lung and 
body damage. It isirritating andcauses 


coughing, It is advisable to keepthe arc 
from traveling too far from overhead 
ventilation. 

Ultraviolet rays are harmful to the 
welder's vision, but safety goggles 
with proper lenses will provide pro- 
tection. 

Ionizing radiations markedly in- 
crease the possibility of eye cataracts, 
Even small amounts of ultraviolet may 
generate ionization and accelerate cat- 
aracts. Those operating welding equip- 
ment, as well as helpers and other 
people in the area must take precau- 
tions at all times to prevent eye injury. 

The use of carbon dioxide creates 
a carbon monoxide (CO) problem as it 
breaks down in the arc. 

Some people are sensitive to beryl- 
lium - even very small amounts, There- 
fore, any operation involving beryllium 
must be contained. 

Cobalt should be handled about the 
same as beryllium. 

Thorium is toxic, therefore, when 
thoriated electrodes are used an alpha 
emission is produced and causes an 
ionization effect, Ventilate well. 

Reducing furnaces may have car- 
bon (CO) monoxide emissions. Such 
furnace should be well-vented at both 
the charging end and discharge end. 

When vacuum furnaces or welding 
chambers are used, the pump exhaust 
must be vented away from people. 

Oil smoke is a problem, The aro- 
matics produced can be dangerous. 

Summary 

PROTECT THE EYES, SKIN, AND 
RESPIRATORY SYSTEM. PROVIDE 
ADEQUATE VENTILATION DURING 
ALL WELDING, CUTTING, BRAZING, 
AND SOLDERING OPERATIONS. 
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GLOSSARY OF 
WELDING TERMS 


This chapter explains the meaning 
of terms most used by welders, Tech- 
nical engineering terms have been 
simplified. For additional definitions 
the reader is referred to the A.W.S. 
DEFINITIONS publication number 
A.W.S. A3.0-61, published by the Amer- 
ican Welding Society. This publication 
contains accepted definitions for all 
forms of welding and cutting. 
ABRASION: A wearing condition pro- 

duced by rubbing. 

AC or ALTERNATING CURRENT: That 
kind of electricity which reverses its 
direction of electron flow regularly 
and periodically. The period of alter- 
nating depends upon the cycle of the 
current For 60-cycle current, the 
current goes in one direction andthen 
in the other direction 60 times in the 
same second so the current changes 
its direction 120 times in one second. 

ACETYLENE: Gas composed of two 
parts of carbon and two parts of hy- 
drogen, When burned inan atmosphere 
of oxygen, it produces one ofthe high- 
est flame temperatures obtainable. 

ACETYLENE CYLINDER: Specially 
built container manufactured accord- 
ing to I.C.C. Standards. Used to store 
and ship acetylene. (Occasionally 
called "tank" or "bottle,") 

ACETYLENE HOSE (See Hose) 

ACETYLENE REGULATOR: An auto- 
matic valve used to reduce acetylene 
cylinder pressures totorchpressures 
and to keep the pressures constant, 


ACTUAL THROAT: Distance from face 
of a weld to the root of the weld. 

ALLOY: An intimate mixture of two 
or more metals. 

ANNEALING: Softening metals by heat 
treatment, This most commonly con- 
sists of heating the metals up to a 
critical temperature and then cooling 
them slowly. 

ANODE: Electrical term for positive. 
It is that part of an elecirical cir- 
cuit to which electrons are flowing. 

ARC: Term given to the flow of elec- 
tricity through a gaseous space or 
air gap. In arc welding, it is this 
flow of electricity through the air 
which produces high temperatures. 

ARC BLOW: Tendency for an arc to 
wander or whip from its normal 
course during arc welding. Itis caused 
by magnetic changes, 

ARC CUTTING: Making a kerf ina 
metal using energy of an electric arc. 

ARC VOLTAGE: Electrical potential 
(pressure or voltage) across the arc. 

ARC WELDING: Fusing two metalsto- 
gether using an electric arc as the 
source of heat. 

ATOMIC ARC WELDING: Welding us- 
ing heat created by hydrogen atoms, 
created by an electric arc recombin- 
ing to form hydrogen molecules, The 
heat is used to weld delicate joints, 
and the hydrogen forms a shield over 
the weld. 

AUTOMATIC WELDING: Welding in 
which the work, the torch, and/or the 
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are is mechanically moved and con- 
trols are used to control the speed 
and/or the direction of travel. 

AXIS OF A WELD: An imaginary line 
along the center of gravity of the 
weld metal and perpendicular to a 
cross section of the weld metal. 

BACKFIRE: A short "pop" of the torch 
flame followed by extinguishing of 
the flame or continued burning of the 
gases, 

BACKHAND WELDING: Welding in the 
direction opposite the direction the 
gas flame is pointing. 

BACKING: Some material placed on 
the root side of a weld to aid control 
of penetration, 

BACK-STEP WELDING: Welding small 
sections of a joint in a direction op- 
posite the direction the weld as a 
whole is progressing. 

BACKWARD WELDING: See backhand 
welding. 

BASE METAL: Metal tobe welded, cut, 
om brazed. 

BEAD: Denotes the appearance of the 
finished weld; describes neatness of 
the ripples formed by the metal while 
it was in a semiliquid state. 

BEVEL: Angling the metal edge where 
welding is to take place. This may be 
a straight edge surface or a J-shaped 
edge surface. 

BLOWPIPE: Another term applied to 
the oxyacetylene torch. 

BODY: A term applied to the main 
structural part of a regulator. 

BOND: Junction of the weld metal and 
the base metal. 

BRAZE WELDING: Making an adhesion 
groove, fillet or plug connection with 
a brazing alloy. 

BRAZING: Making an adhesion con- 
nection with a minimum of alloy 
which melts above 800 deg. F. and 
which flows by capillary between 
close-fitting parts. 
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BRONZE WELDING: See braze weld- 
ing. 

BUILDUP: Amount a weld face is ex- 
tended above the surface ofthe metals 
being joined, 

BURNED METAL: Term occasionally 
applied to the metal which has been 
combined with oxygen to the end that 
some of the carbon has been changed 
into carbon dioxide and some of the 
iron into iron oxide. 

BURNING: Violent combination of 
oxygen with any substance which pro- 
duces heat. This word is sometimes 
used instead of Flame Cutting. 

BUTT JOINT: An assembly in which 
the two pieces joined are in the same 
plane with the edge of one piece touch- 
ing the edge of the other. 

CABLE: See lead. 

CAPILLARY ACTION: Property of a 
liquid to move into small spaces if 
it has the ability to ''wet'' these sur- 
faces, 

CARBON: An element which, when 
combined with iron, forms various 
kinds of steel. In steel, itis the chang- 
ing carbon content which changes the 
physical properties of the steel. It is 
used in a solid form as an electrode 
for arc welding; as a mold to hold 
weld metal, and for motor brushes. 

CARBONIZING: See carburizing or re- 
ducing. 

CARBURIZING: A carburizing flame is 
an oxygen-fuel gas flame with a slight 
excess of the fuel gas. 

CASEHARDENING: Adding carbon to 
the surface of a mild steel object 
and heat treating to produce a hard 
surface, 

CASTINGS: Metallic forms which are 
produced by pouring molten metal 
into a shaped container. (Mold.) 

CATHODE: Electrical term for nega- 
tive, 
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CENTIGRADE: Metric 
perature scale. 

CHAMFERING: See beveling. 

COATED ELECTRODE: See covered 
electrode. 

CONCAVE WELD FACE: A weld hav- 
ing the center of its face below the 
weld edges. 

CONE: Inner visible flame shape of a 
neutral or near neutral flame. 
CONTINUOUS WELD: Making the com- 
plete weld in one operation, 

CONVEX WELD: A weld with the face 
above the weld edges. 

CORNER JOINT: Junction formed by 
edges of two pieces of metal touching 
each other at angle of about 90 deg. 
COVERED ELECTRODE: Metal rod 
used in arc welding which has a cov- 
ering of materials to aid arc welding 
process, 

CRACKING: Term applied to action of 
opening a valve slightly and then 
closing the valve immediately. 
CRATER: A depression in the face 
of a weld, usually at the termination 
of an arc weld, 

CROWN: Curve or convex surface of 
finished weld proper. 

CRYOGENICS: Study of physical phe- 
nomena at temperatures below -50 
deg. F. 

CUTTING FLAME: Cutting by a rapid 
oxidation process at a high tempera- 
ture produced by a gas flame accom- 
panied by a jet aétion which blows the 
oxides away from the cut, 
CYLINDER: A container used to hold 
gases used in welding. (See oxygen, 
acetylene.) 

D€ or DIRECT CURRENT: Phat kind 
of electric current which flows only 
in one direction. 

DEGREE: A unit of a temperature 
scale; symbol used to be ° but the 
practice is decreasing. 


system tem- 


DIRECT POLARITY: Direct current. 


flowing from anode (base metal) to 
cathode (electrode). The electrode is 
negative and the base metal is posi- 
tive; 

DISTORTION: Warping of a structure. 

DOWNHAND WELDING: See flat posi- 
tion welding. 

EDGE JOINT: Joint formed when two 
pieces of metal are lapped with at 
least one edge of each at an edge of 
the other. 

ELECTRODE: A substance which 
brings electricity up to the point 
where the arc is to be formed; in 
other words it is the material im- 
mediately adjacent to the arc proper 
and the one which carries the current 
to this point. In electric arc welding 
the electrode is usually melted and 
becomes a part of the weld. 
ELONGATION: Percentage increase in 
the length of a specimen when stressed 
to its yield strength. 

EROSION: Reducing in size of an object 
because of a liquid or gas impact on 
the object. 

EUTECTIC ALLOY: A mixture of met- 
als which has a melting point lower 
than that of any of the metals in the 
mixture, or of any other mixture of 
these metals. 

FACE of WELD: The exposed surface 
of the weld, 

FAHRENHEIT: A temperature scale 
used in most English speaking coun- 
tries in the industrial and engineer- 
ing areas, Symbol is F. 

FILLER ROD: Metal wire thatis melt- 
ed and added to the welding puddle to 
produce the necessary increase in 
bead thickness. (See welding rod.) 
FILLET: Weld metal in the internal 
vertex, or corner, of the angle formed 
by two pieces of metal, giving the 
joint additional strength to withstand 
unusual stresses. 

FILLET WELD: Metal fused into a 
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corner formed by two pieces of metal 
whose welded surfaces are approxi- 
mately 90 deg. to each other. 

FLAME CUTTING: Cutting performed 
by an oxygen-fuel gas torch flame 
which has an oxygen jet. 

FLASH: Impact of electric arc rays 
against the human eye. Also the fin of 
surplus metal formed at the seam of 
a resistance weld. 

FLAT POSITION: A horizontal weldon 
the upper side of a horizontal surface. 

FLUX: A chemical used to promote 
fusion of metals during the welding 
process. 

FORGING: Metallic shapes being de- 
rived by either hammering or squeez- 
ing the original piece of metal into 
the desired shapes or thicknesses. 

FORWARD WELDING: Fusing metalin 
the same direction as the torch flame 
points. 

FREE BEND TEST: Bending the spec- 
imen without using a fixture or guide. 

FRICTION WELDING: The type of weld 
in which the necessary welding heat is 
generated by revolving one part 
against another part under very heavy 
pressure. 

FUSION: Intimate mixing of molten 
metals, 

GAS METAL-ARC WELDING: Weld- 
ing using a continuously fed consum- 
able electrode and a shielding gas. 

GAS POCKETS: Cavities in weld metal 
caused by entrapped gas. 

GAS TUNGSTEN- ARC WELDING: Weld- 
ing using a tungsten electrode and a 
shielding gas. 

GENERATOR: A mechanism which 
generates or produces some sub- 
stance, i, e., electric generator, acet- 
ylene generator, 

GOUGING: Cutting of a grove in the 
surface of a metal using a gas cutting 
torch of an arc-air cutting outfit. 


GROOVE WELD: A welding rod fused 
into a joint which has the base metal 
removed to form a V, U, or J trough 
at the edge of the metals to be joined. 

GUIDED BEND TEST: Bending a spec- 
imen in a definite way by using a 
fixture. 

HAND SHIELD: See shield. 

HEAT: Molecular energy of motion. 

HEAT-AFFECTED ZONE: That part of 
the base metal which has been altered 
by the heat from the welding, brazing 
or cutting operation. 

HEAT CONDUCTIVITY: Speed and ef- 
ficiency of heat energy movement 
through a substance. 

HELMET: A protecting hood whichfits 
over the arc welder's head, provided 
with a lens of safety glass through 
which the operator may safely observe 
the electric arc. 

HORIZONTAL POSITION: A weld per- 
formed on a horizontal seam at least 
partially on a vertical surface. 

HOSE: Flexible medium used to carry 
gases from regulator to the torch. It 
is made of fabric and rubber. 

HYDROGEN: A gas formed ofthe single 
element hydrogen. Itis considered one 
of the most active gases. When com- 
bined with oxygen, it forms a very 
clean flame which, however, does not 
produce a very high temperature or 
very much heat. 

INERT GAS-ARC WELDING: Surround- 
ing the arc with a gas which does not 
react with the electrode and base 
metal and keeps the atmosphere away 
from the arc. 

INFRARED RAYS: Heat rays which 
emanate from both the arc and the 
welding flame. 

INSIDE CORNER WELD: Two metals 
fused together; one metal is held 90 
deg. to the other. The fusion is per- 
formed inside the vertex of the angle. 

INTERMITTENT WELD: Joining two 
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pieces and leaving unwelded sections 
in the joint. 

JOINT: Where two pieces meet when a 
structure is made of smaller pieces. 

KEYHOLE: A term applied to the en- 
larged root opening which is carried 
along ahead of the puddle when mak- 
ing a plasma arc weld or with some 
other types of welding. 

LAP JOINT: A joint in which the edges 
of the two metals to be joined overlap 
one another. 

LAYER: A certain weld metal thick- 
ness made of one or more passes. 

LEAD WIRE: Electricity carrying wire 
from the power source to the elec- 
trode holder or to the ground clamps. 

LEG of FILLET WELD: Distance from 
point where the base metals touched 
to toe of the fillet. 

LENS: A specially treated glass 
through which a welder may look at 
an intense flame without being injured 
by the harmful rays, or glare, radiat- 
ing from this flame. 

MALLEABLE CASTINGS: Cast forms 
of metal which have been heat-treated 
to reduce their brittleness. 

MAPP: A stabilized methyl acetylene- 
propadiene fuel gas. It is a Dow 
Chemical Co., product, 

MIG: A term used to describe gas 
metal arc welding (metal inert gas). 

MIXING CHAMBER: That part of the 
welding torch where the welding gases 
are intimately mixed, prior to com- 
bustion, 

NEGATIVE CONNECTIONS: Connec- 
tions in an electric circuit through 
which the current flows back to its 
source, 

NEUTRAL FLAME: Flame which re- 
sults from combustion of perfect pro- 
portions of oxygen and the welding 
gas. 

NOZZLE: See tip. 

ORIFICE: Opening through which gases 


flow. It is usually the final opening, 
or any opening controlled by a valve. 

OUTSIDE CORNER WELD: Fusing two 
pieces of metal together, with the 
fusion taking place on the underpart 
of the seam, 

OVERHEAD POSITION: A weld made 
on the underside of the joint with 
the face of the weld in a horizontal 
plane. 

OVERLAP: Extension of the weld face 
metal beyond the toe of the weld. 

OXIDIZING: Combining oxygen with 
any other substance, For example, 
a metal is oxidized when the metal 
is burned, i. e., oxygen is combined 
with all the metal or parts of it. 

OXIDIZING FLAME: Flame produced 
by an excess of oxygen in the torch 
mixture, leaving some free oxygen 
which tends to burn the molten metal. 

OXYACETYLENE WELDING: See oxy- 
gen-acetylene welding. 

OXYGEN: A gas formed of the element 
oxygen, When it very actively supports 
combustion it is called burning; when 
it slowly combines with a substance 
it is called oxidation. 

OXYGEN ACETYLENE CUTTING: Cut- 
ting metal using the oxygen jet which 
is incorporated with an oxygen-acety- 
lene, preheating flame or flames. 

OXYGEN-ACETYLENE WELDING: A 
method of welding, using as a fuel 
a combination of the two gases-- 
oxygen and acetylene, 

OXYGEN CYLINDER: A specially built 
container manufactured according to 
IC.C. Standards and used to store 
and ship certain quantities of oxygen. 

OXYGEN-HYDROGEN FLAME: The 
chemical combining of oxygen with 
the fuel gas hydrogen. 

OXYGEN HOSE: See hose, 

OXYGEN-LP GAS FLAME: Chemical 
combining of oxygen with the fuel gas 
LP (liquefied petroleum). 
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OXYGEN REGULATOR: An automatic 
valve used to reduce cylinder pres- 
sures to torch pressures and to keep 
the pressures constant. They are 
never to be used as acetylene reg- 
ulators, 

PASS: Weld metal created by one pro- 
gression along the weld, 

PENETRATION: Extent the fusion goes 
into the base metal as measured 
from the surface of the base metal. 

PERCUSSION WELDING: The type of 
resistance welding in which the heat- 
ing comes from an arc producedby an 
electrical discharge and instantaneous 
pressure applied during or immedi- 
ately following the heating. 

PLASMA: Temporary physical condi- 
tion of a gas after it has been ex- 
posed to and has reacted to an elec- 
maic arc, 

PLUG WELD: Weld, which holds two 
pieces of metal together, made in a 
hole in one piece of metal which is 
lapped over the other piece. 

POROSITY: Presence of gas pockets 
or voids in the metal. 

POSITIVE CONNECTIONS: Connec- 
tions in an electric circuit out of 
which electricity constantly flows. 
The positive connections out of which 
electricity flows may also be termed 
that into which electrons flow; and 
the negative connection into which 
the electricity flows may be con- 
sidered that pole out of which the 
electrons flow. 

POSTHEATING: Temperature to which 
a metal is heated after an operation 
has been performed on the metal 
(welding, cutting, forming, etc.). 
PREHEATING: Temperature to which 
a metal is heated before an opera- 
tion is performed on the metal (weld- 
ing, cutting, forming, etc.). 
PUDDLE: Portion of weld that is mol- 
ten at the place heat is supplied. 


PULSE ARC WELDING: A type of weld- 
ing arc in which the arc welding cur- 
rent is interrupted or pulsed as the 
welding arc progresses, 

RADIOGRAPH: A photograph obtained 
by passing X-rays or gamma rays 
through the object to be photographed 
and recording the variations in den- 
sity on a photographic film. 

RAYS: (See infrared and ultraviolet.) 

REDUCING FLAME: An oxygen-fuel 
gas flame with a slight excess of 
fuel gas, 

REDUCTION OF AREA: Difference in 
cross sectional area of a specimen 
after fracture, as compared to orig- 
inal cross sectional area. 

REGULATORS: See acetylene, oxygen. 

REINFORCEMENT of WELD: Excess 
metal on the face of a weld. 

RESISTANCE WELDING: Welding met- 
als using the resistance of the metals 
to the flow of electricity, asthe source 
of heat. 

REVERSED POLARITY: (Electrode 
positive-anode) referring to DC and 
causing electrons to flow from the 
base metal to the electrode. 

ROOT of WELD: That part of a weld 
farthest from the application of weld 
heat and/or filler metal side, 

ROSETTE WELD: See plug weld. 

SEQUENCE: An order in which opera- 
tions take place. 

SHIELD: An eye and face protector held 
in the hand. It enables a persontolook 
directly at the electric arc through a 
special lens without being harmed. 

SHIELDED ARC: A form of electric 
welding in which a heavy flux-coated 
electrode is used. 

SHORT ARC: A gas metal-arc process 
which uses a low arc voltage, where 
the arc is continuously interrupted as 
the molten electrode metal bridges 
the arc gap. 

SIGMA WELDING: See gas metal-arc 
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welding. 

SLAG INCLUSIONS: Non-fused, non- 
metallic substances in the weld metal. 

SOLDERING: Means of fastening met- 
als together by adhering another metal 
to the two pieces of these metals. 
The joining metal only is melted dur- 
ing the operation, The joining metal 
melts below 800 deg, F. 

SOLID STATE CONTROLLER: An elec- 
tronic controller which uses transis- 
tors, diodes, and other semiconductor 
devices, 

SPRAY ARC: Gas metal arc process 
which has an arc voltage high enough 
to continuously transfer the electrode 
metal across the arc in small globules, 

STRAIGHT POLARITY: (Electrode 
negative-cathode) connecting DC to 
cause electrons to flow from the 
electrode to the base metal, 

STRAIN: Reaction of an object to a 
stress. 


STRESS: Load imposed on an object. 
STRESS RELIEVING: Even heating of 
a structure to a temperature below 
the critical temperature followed by 
a slow, even cooling. 


TACK WELD: Small weld used totem- 
porarily hold together components of 
an assembly. 

TANK: See cylinder. 

T-JOINT: Joint formed by placing one 
metal against another at an angle of 
90 deg. The edge of one metal con- 
tacts the surface of the other metal. 

TENSILE STRENGTH: Maximum pull 
stress in psi a specimen is capable 
of developing. 

THROAT of a FILLET WELD (actual 
throat): Distance from the weld root 
to the weld face. 

TIG: Term used to describe gas tung- 


sten arc welding (tungsten inert gas). 

TINNING: Term applied to soldering 
where the metals to be soldered to- 
gether are first given a coating of the 
soldering metal. 

TIP: Part of the torch at the end where 
the gas burns, producingthe high tem- 
perature flame, In resistance welding 
the electrode ends are sometimes 
called tips. 

TOE OF WELD: Junction of the face of 
the weld and the base metal, 

TORCH: The mechanism which the op- 
erator holds during gas welding and 
cutting, at the end of which the gases 
are burned to perform the various gas 
welding and cutting operations. 

ULTRAVIOLET RAYS: Energy waves 
that emanate from the electrodes and 
the welding flames of such a fre- 
quency that these rays are in the 
ultraviolet ray light spectrum. 

UNDERCUT: A depression at the toe 
of the weld which is below the sur- 
face of the base metal. 

VERTICAL POSITION: Type of weld 
where the welding is done on a ver- 
tical seam and on a vertical surface. 

WELDING: Art of fastening metals to- 
gether by means of interfusing the 
metals. 

WELD METAL: Fused portion of base 
metal or fused portion of the base 
metal and the filler metal. 

WELDING ROD: Wire which is melted 
into the weld metal. 

WELDING SEQUENCE: Order in which 
the component parts of a structure 
are welded. 

WELDMENT: Assembly of component 
parts joined together by welding. 

YIELD STRENGTH: Stress in psi at 
which a specimen assumes a speci- 
fied limiting permanent set. 
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AC are welding machines, 
123, 1-5 


AC-DC welding machines, 8-9 


Accelescence point, 24-5 
Acetone, 2-8, 2-10 
Acetylene 


adjusting working pressures, 


2-7, 28-10 
cylinder, 2-7 
dissolved, 2-8 
fittings, 2-8, 2-11, 2-24 
formula, 2-7 
generators, 2-11 
hose, 2-23 
manifolds, 2-9 
measure by weight, 2-9 
production from calcium 
carbide, 2-7, 28-10 
properties, 28-10 
regulator, 2-13 


safety rules for handling and 


use, 1-14, 2-11, 28-10 
Adjusting the gas welding 
station, 1-15 
Air acetylene torch, 2-30 
Air carbon-arc cutting, 9-6 
Aircraft tube welding, 
18-51, 18-52, 18-53 


Air filter, welding machine, 6-7 
Air jet carbon-arc cutting, 9-6, 9-12 


Air metallic-arc cutting, 9-8 
Air pressure test, 22-9 


AIS (see American Iron & Steel 
Institute), 24-17, 24-18, 24-19 


Alloy metals, 24-3 
Alloys 
aluminum, 18-16 
brazing, 16-2 
copper, 18-24 
nickel, 18-28 
nonferrous, 18-17, 24-19 
soldering, 15-2, 15-3 
Alloy steels 
definition, 18-2, 24-14 
heat treating, 25-16 
identifying, 24-14 
Alternating current, 7-1 
Alternating current welding 


are welder generator, 7-3, 8-11 
arc welding machines, types, 7-3 


INDEX 


arc welding safety, 7-15 
covered electrode, 7-12 
generators, 7-3, 8-11 
heat distribution, 7-3 
spot, 11-2 
transformers, 7-5, 8-1 
transformer alternating current 
circuit diagram, 8-6 
transformer alternating current 
welder reactor, 7-6, 8-5 
transformer insulation, 8-3 
transformer welders, 7-5 
welder adjustments, 8-6 
welder cooling, 8-7 
welder high frequency 
stabilizer, 8-12 
welder power factor, 8-10 
welder primary winding, 7-7 
welder reactor adjustment, 7-6 
Aluminum, 18-16, 23-19, 24-21 
alloys, 18-16 
arc welding, 18-21, 18-22 
brazing, 16-16 
heat treatment, 25-18 
identifying, 24-21 
melting temperature, 28-4 
oxyacetylene welding, 
18-17, 18-22 
oxy-hydrogen welding, 18-21 
solder, 15-12 
types of, 18-17 
welding cast, 18-22 
welding leads, 6-13 
welding plate, 18-20 
welding rod, 18-18 
welding technique, 18-17 
Aluminum alloys, 18-17, 24-21 
heat treatment, 25-18 
soldering, 15-12 
welding technique, 18-23 
American Iron and Steel 
Institute, 24-17 
American Welding Society, 28-15 
color code for covered 
electrodes, 6-20 
color code for marking 
metals, 28-14 
operator qualifications, 27-1 
procedure qualifications, 27-1 
specification for covered 
electrodes, 6-22 
specifications for filler 
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metal, 2-37 
welding symbols, 28-15 
Amperes, 5-1 
Annealing, 25-5 
Appearance of weld, 1-36, 22-2 
Are 
AC, 7-1 
air cutting equipment, 9-6 
blow, 5-13 
carbon, 5-23 
carbon electrode, 6-25 
characteristics, 5-2 
current, 5-3 
cutting electrode, 9-3, 9-5 
cutting safety, 9-10 
DC, 5-2 
definition, 5-1 
length, 5-2 
metal electrode, 5-3 
oxygen cutting equip., 10-7 
shielded, 5-2 
stream, 5-2 
striking, 5-9 
tubular electrode, 9-9 
voltage, variation, 6-2, 6-13 
Arc machines, DC in parallel, 
10-7, 26-3 
Arc welders AC DC, 6-11 
Arc welders dual purp., 6-11 
Are welders tri-purpose, 6-12 
Arc welding 
AC, 7-1 
assessories, 5-1, 8-1, 8-12 
aluminum, 18-21, 18-22 
atomic-hydrogen, 17-14 
automatic, 21-1 
booth, 5-6, 6-1 
brass, 18-27 
bronze, 18-28 
carbon arc, 5-23 
cast iron, 18-15 
copper, 18-26 
copper alloys, 18-28 
corner joint, 5-21 
DC, 5-1 
electrodes, 5-7 
equipment, 6-1 
fundamentals, 5-1 
generator, 6-2 
machine maintenance, 
26-30, 26-31 
rectifier type, 6-9 


shutting down, 5-24 
metallic, 5-1 
overhead, 5-23 
pipe joints, 18-49 
plasma, 17-17 
safety, 5-25 
spot welding, 13-4, 17-13 
stainless steel, 18-10 
station, 26-2, 6-1 
steel, 5-3 
submerged arc, 17-1 
supplies, 17-1 
underwater, 17-14 
vertical surface, 5-21 
Argon, 28-11 
Asbestos, 2-39. 
Assembling, oxyacetylene 

station, 1-12 
Associations and Societies, 27-1 
Atomic hydrogen arc welding 

apparatus, 17-14, 17-16 
Austenite, 18-8 
Austenitic stainless steel, 18-8 
Automatic are cutting, 21-18 
Automatic arc welding, 

21-1, 21-2, 21-15 
Automatic gas welding, 21-15 
Automatic resistance welding, 

13-1, 21-18 
Automatic spot welder, 21-18 
Automatic surfacing, 21-20 
Automatic tungsten arc 

welding, 11-11 
AWS (see American Welding 

Society) 


Backfire, 1-19 
Backhand-welding, 1-35 
Backing rings, 18-40 
Backing strip, 18-13 
Bare electrode welding, 5-1 
Base metal, 1-21 
Basic oxygen process, 23-9 
Bend test, 22-10 
Beryllium, 18-30, 24-24 
Bessemer furnace, 23-7 
Blacksmith welding (see 
Forge Welding), 17-21 
Blast furnace, 23-3 
Blowpipes (see torches) 
Body solder, 24-5 
Brake, sheet metal, 26-5 
Brass, 
composition, 18-25, 23-18, 24-20 
welding, 18-27, 18-28 
Brazing, 16-1 s 
alloys (rods), 16-2, 16-4 
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aluminum, 16-16 
automatic, 21-18 

carbon arc, 16-7 

cast iron, 16-22 

copper, 16-2 

filler metal alloys, 16-4 
flux for, 16-2 

magnesium, 16-20 
malleable iron, 16-22 
safety, 16-25 

silver brazing alloys, 16-10 
silver brazing flux, 16-12 
stainless steel, 16-15 
temperatures, 16-8 
Braze welding, 16-1 

cast iron, 16-22 
procedures, 16-6, 16-9 
Brick, Fire, 2-38 
Brinell test for hardness, 22-17 
British thermal unit, 28-1 
Brittleness, joint design, 16-7 
Bronze, 23-18, 24-21 
characteristics, 24-21 
welding, 18-28 
Brushes, arc welder, 26-30 
Brushes, adjusting, 26-30 
Brushes, wire, 6-27 
Buffer, 26-12 
Butt joint, 1-26 
Butt joint weld, 5-16 
Bronze welding (see 
braze welding) 

Butt welder, 13-7 


C 


Cable (see leads) 
Cable connectors, 6-14 
Calcium carbide, 2-7 
Carbide (see calcium carbide) 
Carbon arc 

brazing, 16-7 

cutine r Slik, Tc 1l 
electrodes, 5-24 

equipment, 10-1, 10-3 
gouging, 9-5 

welding, 5-23 
Carbon, backing, block, 

2-38, 18-27 

Carbon dioxide, 28-12 
Carbon electrode sizes, 11-22 
Carbon paste, 2-38, 18-27 
Carburizing flame, 1-10 
Case hardening, 25-12 
Cast aluminum welding, 18-22 
Cast iron, 18-11, 23-5 

are welding, 18-15 

brazing, 16-22 

cutting, 3-18, 972, 19510 
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gas welding, 18-14 
heat treating, 25-16 
identifying, 24-9 
inspecting, 18-16 
manufacturing, 23-3 
nodular, 23-5 
preheating, 18-13 
preparation of, 18-13 
properties of, 23-5, 29-2 
reinforcing, 18-13 
testing, 18-16 
types of, 18-14 
welding, 18-14 
Chamber, inert gas welding, 
12-26, 12-28 
Charpy test, 22-11 
Chemical 
reactions in manufacture of 
iron, steel, 28-8 
tests for metal, 24-13, 24-16 
Chemistry of welding 
flame, 28-5 
Chipping, goggles, 6-29 
Chipping, hammer, 6-27 
Chrome molybdenum steel, 18-5 
Chrome nickel molybdenum 
steel, 18-5 
Chrome nickel steels, 18-4 
cutting, 3-17, 199 
Chromium steels, 11-2, 18-4 
Clamping pliers, 2-38 
Clamps, 
alignment, 2-40 
pipe, 2-37 
welding, 2-39 
Cleaner, tip, 2-29 
Cleaning equipment, 6-37, 26-13 
Closed circuit voltage, 5-3, 6-2 
Clothing, safe, 6-29, 12-29 
Coated electrodes (see covered 
electrodes). 
Coatings (see covered 
electrodes). 
Codes, American Welding 
Society, 27-2 thru 27-32 
Coefficient of expansion, 28-5 
Cohesion (see fusion) 
Cold welding, 17-22 
Color codes, 28-14 
Conductors (see cable) 
Connectors, leads, 6-14 
Constant potential welders, 12-13 
Controlled atmosphere 
furnace, 16-23 
Converter, steel, 23-6 
Cooling curves, 24-4 
Copper, 18-24, 23-18, 24-20 
alloys, 24-20 


arc welding, 18-26 

welding copper alloys, 18-24 
Cost, welding, 26-17 
Covered electrodes, 5-7 
Cover glass (lens), 2-31 


Critical temperature, 25-4, 25-8 


Crucible furnace, 23-13 
Crystalline structure, 25-4 
Current 
alternating (AC), 7-11 
direct (DC), 5-3, 6-2 
polarity, welding, 5-3, 5-4 
settings, air carbon-arc 
cutting, 10-5, 10-6 
Curves, cooling, 24-4 
Cutting 
air carbon-arc equipment 
9-6, 9-7, 9-12, 10-3 
air metallic-arc, 9-8 
alloys, ferrous, 3-17 
arc-air, 9-6 
arc-oxygen, 9-9 
attachment, 3-7 
automatic, 21-1 
carbon arc equipment, 10-1 
cast iron, 3-18, 9-2 
chamfers, 3-13 
electrode sizes, 10-3 
flux, 19-9 
gas, 3-1 
gas tungsten-arc cutting, 19-14 
gas tungsten-arc 
equipment, 19-16 
gouging, 3-16 
machine, 3-15, 3-18 
metallic arc electrodes 
equipment, 10-2 
oxyacetylene, 3-1 
oxy-fuel gas, 19-20 
oxygen-arc equipment, 9-9 
oxygen lance, 19-2 
oxy-propane, 19-20 
plasma-arc, 19-14 
powder, 19-9 
rivets, 3-14 
safety, 3-20 
speed, 3-4 
stainless steel, 19-9, 19-14 
tips, 3-7, 4-2 
torch, 3-2, 4-2 
use of, 3-6 
lighting, 3-4, 3-5 
underwater, 19-5 
Cylinders, 
acetylene, 2-7 
argon, 12-6 
carbon dioxide, 12-6 
helium, 12-6 
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oxygen, 2-3 
D 


Decalescence point, 24-5 
Demurrage, 2-3 
Destructive testing, 22-10, 22-11 
Diagram, iron-carbon, 24-7 
Dip transfer arc welding, 11-16 
Direct current, 5-1 
arc welding station, 5-5, 6-1 
heat distribution, 5-3 
straight polarity arc 
welding, 5-3 
straight polarity arc welding 
circuit, 5-3 
welding, 5-1 
Direct current welding machines, 
6-3, 6-4, 6-7, 6-8 
generators, 6-2 
reverse polarity arc welding 
circuit, 5-4 
Drafting symbols, 28-12 
Drives, generator, 6-1 
Dropping voltage, welding 
machine, 12-12 
Drying ovens, 6-19 
Dual purpose welders, 6-11: 
Ductile iron, 24-22 
Ductility, 22-13 
Dutycycle, 14-2 


E 


Economizer, gas, 2-33 
Eddy current inspection, 22-9 
Elastic limit, 25-6 
Electric furnace, 23-13 
Electrical leads, 21-20 
Electrical units, 6-3 
Electrode 
air carbon arc,10-5 
aluminum, 18-17, 18-18, 18-21 
bare, 6-19 
carbon, 6-25, 11-22 
carbon arc cutting, 10-5 
classification, 6-20 
coatings, 6-19 
covered, 7-11, 7-12 
covering analysis, 6-22 
gas metal-arc welding, 12-22 
holder, 6-16, 11-1 
iron powder, 6-24 
low hydrogen, 6-23 
markings, 6-21 
metallic, 6-18 
motions, 5-19 
oxygen-arc, 19-7 
pressure, 14-21 
remote control, 6-26 
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resistance welding, 14-6 
sizes, 7-11, 10-3 
spot welding, 14-6 
storage, 6-18, 7-14 
tungsten, 12-19 
Electrolytic oxygen, 2-1: 
Electro gas welding, 17-9 
Electromagnetic weld 
inspection, 22-2 
Electromotive force, 7-3 
Electron beam weld., 17-26 
Electronic guides, 4-7, 4-9 
Electroslag welding, 17-6 
Engine driven generators, 6-8 
Explosive welding, 17-29 
Equal pressure type torch, 
1-11, 1-15, 2-25 
Estimating temperature 
colors, 25-4A 
Eutectic temperature, 24-5 
Expansion of metals, 28-5 
Explosive welding, 17-29 
Eye protection, 2-31, 2-32, 
5-4, 6-28, 6-29, 7-10, 7-15 
9-10, 11-24, 13-14, 15-13, 
17-30, 19-21, 26-41 


F 


Ferrite, 24-4, 24-5, 24-6, 24-7 
Fiber welding, metal, 13-14 
Filter, 6-6 
Filter, air, 6-6 
Firebrick, 2-38 
Fixtures, clamping, 2-37 
Flame characteristics, 1-10 
Flame cutting, 3-1 
Flame, hardening, 25-10 
Flame, oxyacety., 1-10A,1-11 
adjustment, 1-11, 3-4, 3-5 
brazing, 16-15 
carbonizing, 1-11 
carburizing, 1-11 
chemistry, 28-5 
neutral, 1-11 
oxidizing, 1-11 
reducing, 18-19 
temperatures, 28-6 
types, 1-10 
welding, 1-10 
Flange joint, 1-23 
Flashbacks, 1-19 
Flash welding, 14-19 
Flow meters 
floating ball type, 12-9 
inert gas, 12-8 
Flux cored consumable 
electrode wire, 11-22 


Flux, 2-37 
aluminum, 18-19 
brazing, 16-2, 16-4, 16-5, 16-6 
cast iron, 18-14 
definition, 2-37 
function and types, 2-38 
magnetic, 12-25 
soldering, 15-3 
welding, 2-37 
Foil welding, metal, 13-11, 13-12 
Forge, 26-9 
Forge welding, 17-21 
Formulas, 
acetylene, 28-5 
calcium carbide, 28-10 
Free bend test, 22-10 
Friction welding, 17-28 
Fuel gases, 2-34 
Fumes, 1-41 
Furnaces, 26-8 
Bessemer, 23-7 
blast, 23-3 
crucible, 23-13 
electric, 23-12 
induction, 23-14 
open-hearth, 23-9, 23-10 
preheating, 26-8 
vacuum, 23-15 
Fusible plugs, 2-8 


G 


Galvanized steel, 18-7 
Gas-arc welding, 11-2 
Gas carbon-arc, 11-2, 11-22 
Gas controls, 21-3 
Gas metal-arc 
cutting, 11-2 
equipment maintenance, 12-29 
welding, fluxed wire, 11-22 
welding methods, 11-14 
welding MIG, 11-13 
Gas metal pulse arc welding, 11-9 
Gas mixtures, gas-arc 
welding, 12-6, 12-7 
Gas tungsten-arc, 
AC settings, 11-7 
eutting TIG, 11-2, 11-3, 19-14 
torch welding station, 11-2, 11-4 
Gas tungsten pulse arc 
welding, 11-20 
Gases, 28-9 
Gas welding supplies, 
2-1, 2-3, 2-34 
Gauge, 
American, wire, 28-13 
Brown and Sharpe, wire, 28-13 
metal, 26-16, 28-13 
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pressure, 2-21 

wire, 28-13 
Generator, 

acetylene, 2-11, 26-2 

direct current, 6-2 

drives, 6-7 
Glossary, 29-1 
Gloves, 2-32 
Glycerine, 2-39 
Goggles, 2-31, 2-32 

chipping, 6-29 

cutting, 2-32 

flash, 2-32, 6-29 

welding, 2-31, 2-32 
Gouging 

with cutting torch, 3-16 

air carbon-arc, 10-5 

government agencies, 27-1 
Grinders, 26-12, 26-13 
Ground, cable, clamps 

(see leads) 


Guides, electronic, 4-7,4-8,4-9 


Gun, stud welder, 17-11 
Guides, torch, 4-6, 4-7 
Gun welding, 13-7 


H 


Hammer, chipping, 6-27 
Hard-facing, 24-22 
Hard soldering (see Silver 
Brazing) 
Hard surfacing, 20-3, 24-22 
Hardening, case, 25-12 
steel, 25-8 
Hardness, tests, 22-17 
Brinell, 22-21 
measuring, 22-17 
Rockwell, 22-17 
scleroscope, 22-20 
table, 22-22 
Hazards (see Safety), 28-16 
Heat treating, 25-1 
alloy steels, 25-16 
aluminum alloys, 25-18 
cast iron, 18-16, 25-16 
copper, 25-17 
ferrous metals, 25-8 
methods, 25-2 
pipe joints, 18-53 
steel, 25-7, 25-8 
tool steel, 25-14 
Helium, 28-11 
Helmets, hand shields, 
face shields, 6-28 
Hematite, 23-3 
High carbon steel, 25-8 
High frequency resistance 
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welding, 13-13 
Hose 
acetylene, 2-13 
connections, 2-24 
oxygen, 2-24 
safe practices, 2-23 
welding, 2-23 
Hot shortness, 
aluminum, 18-21 
copper, 18-24 
Hydraulic test, 22-9 
Hydraulic tensile test, 22-14 
Hydrogen, production, 2-2 
Hydrogen-oxygen welding, 
17-18, 18-21 


IG 2E 
Identification of iron, steel, 24-9 
Ignitron tubes, 21-9 
Impact test, 22-11 
Induction furnace, 23-14 
Inert gas, 11-2 
arc cutting, 19-7 
are welding, 11-1, 26-3 
arc welding pipe joints, 18-49 
flow meter, 11-6 
flow rates, 11-8 
spot welding, 11-23 
Injector torch, adjusting 
lighting, construction, 1-18 
Inside corner welding, 1-29 
Inspection 
eddy current, 22-9 
liquid penetrant, 22-5 
magnetic, 22-2, 22-4 
nondestructive, 22-2 
pneumatic, 22-9 
ultrasonic, 22-5 
visual, 22-2 
X-ray, 22-6 
Insurance companies, 
associations, 27-2 
Iron 
cast, 18-11, 23-5 
critical temperature, 24-6 
ductile, 24-22 
gray cast, 23-5 
identification, 24-9 
malleable, 23-5 
mining, 23-2 
nodular, (see ductile) 
ore, 23-2 
pig, 23-4 
white cast, 23-5 
wrought, 23-5 
Iron and steel, 24-] 


Iron-carbon diagram, 24-7 
Izode test, (see charpy test) 


J 


Jigs and fixtures, 26-10 
Joint 
design, 1-23, 1-26, 1-27 
positions, 27-10 to 27-15, 
27-18, 27-19 
preparation, 1-23, 1-33 


types, 1-23 
K 
Kilovolt-ampere (KVA), 14-5 
L 


Lance, oxygen, 19-1, 19-2 
Lap joint weld, 1-27 
Laser welding, 17-30 
Latent heat, 28-2 
Leads, 
aluminum, 6-13 
copper, 6-12 
Lead-tin diagram, 24-5 
Lens, 2-31 
Lighters, friction (torch), 2-33 
Lighting torch 
cutting, 3-4, 3-5 
welding, 1-15, 1-18 
Liquid oxygen, 2-3 
Litharge, 2-39 
Lithium, 24-24 
Low-carbon steel, alloys, 18-2 
Lugs, cable, 6-14 


M 


Macroscopic tests, 22-24, 22-25 
Magnaflux, 22-2 
Magnesium brazing alloys, 16-21 
welding, 18-23 
weldable alloys, 18-23 
Magnetic flux gas-shielded 
arc welding, 12-25 
Magnetic test, 22-3 
Malleable iron, 23-5 
Manifolds, 
acetylene, 2-10 
oxygen, 2-6 
Mapp, fuel gas, 2-34 
Maraging nickel steel 
welding, 18-11 
Marking electrodes, 
6-20, 6-21, 6-22 
Martensitic stainless 
steel, 18-9 
Melting points (temperatures) 
of metals, 1-12 
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Metal electrode sizes and 
applications, 5-3 
Metal coil welding, 13-11 
Metal fume hazard, 1-41 
Metal inert gas arc welding 
(see gas metal arc welding) 
Metals 
alloy, 24-3 
brass, 18-25, 23-18, 24-20 
bronze, 23-18, 24-21 
cast iron, 16-22 
coefficient of expansion, 28-5 
copper, 18-24, 23-18, 24-20 
cutting equipment, 26-5 
density, 28-4 
filler, 2-37 
heat treatment, 25-1 
identifying (color code), 28-14 
spraying, 20-10, 20-12, 
20-14, 20-19 
surfacing, 20-1, 24-22 
Metallic arc cutting 
equipment, 10-2 
Metallic electrode arc cutting 
equipment, 10-2 
Metal electrode, cutting, 10-2 
Metallizing, 20-10 
Meters, flow, 12-8, 12-9 
MIG, 11-2, 11-13, 11-14, 18-58 
Molecular theory, 28-1 
Molybdenum steel, 18-5 
Motor generator, 6-3 
Motors 
AC, 21-2 
DC, 21-2 
variable speed, 21-3 
wire feed, 21-3 
Multilayer welding, 1-36 
Multiple arc welding, 21-16 
Multiple bead welding, 
5-16, 5-17 
Multiple electrodes, 17-4 
cutting torches, 4-10 
pass arc weld, 5-16, 5-17 


N 


Neutral flame, 1-10A 

Nibblers, 26-6 

Nickel-chromium steel, 18-4 

Nitrogen, 28-12 

Nodular cast iron, 18-12 

Nonferrous metal, 24-19 

Nozzles, ceramic, 12-17, 12-18 

Nozzles, (see Tips) 

Nugget, weld, 13-4 

Number drills, 1-15 

Numbering system for 
metals, 24-17 
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ie 


Open-circuit generator 
voltage, 5-1 
Open-hearth furnace, 23-9 
Operator, qualifications, 27-1 
Ore, iron, 23-3 
Outside corner welding, 1-29 
Oven drying, 6-19 
Oven, electrode, 6-19 
Overhead 
arc welding, 5-23 
welding, gas, 1-33 
Oxidizing, 1-3 
Oxidizing flame, 1-11 
Oxyacetylene 
brazing, 16-4 
cutting attachments, 3-7 
cutting cast iron, 3-18 
cutting devices, 4-9 
cutting guides, 4-6, 4-10 
cutting outfit, 4-1 
cutting pressures, 3-4, 3-6 
cutting rivets, 3-14 
cutting safety, 3-20 
cutting thick steel, 3-2 
cutting thin steel, 3-10, 3-11 
cutting tip cleaner, 4-5 
cutting torch, 3-2 
cutting torch tips, 3-7 
multiple torches, 4-10 
outfit, 2-1 
piercing, 3-14 
regulators, 4-6 
shape cutting machine, 4-10 
station, 26-2 
surfacing metal proc., 20-7 
surfacing processes, 20-4 
welding, 1-1 
Oxyacetylene flame, 1-11 
adjustment, 1-10 
preheat adjustment, 3-11 
temperatures, 1-3 
torch tests, 24-11 
Oxyacetylene welding 
aluminum, 18-17 
automatic, 21-15 
bronze, 18-28 
cast iron, 18-14 
outfit, 1-13 
pipe, 18-46 
torches, 2-25, 2-26, 2-28 
Oxygen, 28-9 
cutting machine, 3-18 
cylinder, 2-3 
cylinder pressure, 28-10 
cylinder valve, 2-5 
fuel gas underwater 


cutting, 19-3 

lance, 19-1, 19-2 
liquefication of air 

process, 2-3 
manifolds, 2-6 
manufacture, 2-3 
Oxygen-arc, cutting, 9-9 
equipment, 10-7 
underwater cutting, 19-5 
Oxygen cutting equipment, 

3-1, 3-3 

cutting chemistry, 28-9 


fuel gas underwater cutting, 19-3 


Oxy-hydrogen welding, 17-18 


self generating equipment, 17-19 


Oxy-propane cutting, 19-20 


P 


Penetration, 1-14 
Percussion welding, 13-12 
Pig iron, 23-3 
Pipe, 18-34 

beveling machine, 18-41 
cutting, 26-7 

cutting template, 18-40, 18-42 
Pipe, joint, 18-39, 18-42 
Pipe turns, 18-39 

Pipe welding, 18-44 
Plasma-arc cutting, 19-14 
Plasma-arc spraying, 20-18 
Plasma-arc welding, 17-17 
Plastics, 18-31 


Plastic welding equipment, 18-33 
Plastic welding principles, 18-32 


Plug welding, 1-28 
Pneumatic, systems, 21-5 
Polarity 

reverse DCRP, 5-4 

straight DCSP, 5-3 
Popping (see Backfire) 
Positioner, 26-11 
Positions of fillet welds, 27-11 


Positions of groove welds, 27-10 


Positions, welding, 1-31 
Post heating, 25-2 
Powder cutting, 19-8 
Precautions and safe practices 
(see Safety) 

Preheating, 25-2 

cast iron, 18-13 
torches, 26-9 
Pressure 

gauge calibrations, 2-28 
gauges, 2-21 

indicators, 2-17 

oxygen, 28-10 
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regulation, 2-11, 2-15, 2-16, 
2-17, 2-19, 2-20 


Procedure qualifications, 27-5 
Projection welder, 14-18 
Projection welding, 14-18 
Propane, 28-10 

Puddling, 1-21 

Puddling furnace, 23-5 


Q 


Qualification tests for 


operators, 27-1 


R 


Rack, cylinder, 4-1 

Rebuilding worn surfaces, 20-10 
Rectifier welders, 6-9 
Refactory brick, 2-38 

Regulator 


acetylene, 1-14, 2-12 
adjustment, 1-15 
construction, 2-11, 2-14, 
2-16, 2-17 

gauges, 2-21 

line station, 2-17 
manifold, 2-10, 2-17 
master, 2-17 

nozzle type, 2-14 

oxygen, 2-11, 2-14, 2-17 

repairing, 26-25, 26-26, 26-27 
safety, 2-19 

safety devices, 2-13 

seats, 2-15 

single-stage, 2-13, 2-19 

stem type, 2-16 

testing, 26-28 

two-stage, 2-16 


Repair shop, 26-17 
Repairing 


arc machines, 26-29, 
26-30, 26-31, 26-33 
barrels, 26-22 
gauges, 26-28 
mixing chambers, 26-22 
regulators, 26-25, 26-27 
resistance welding equipment, 
26-38 
torches, 26-20 
torch tips, 26-23 
torch valves, 26-20 
Resistance welding 
accessories, 14-6, 14-8, 14-9, 
14-21, 14-22, 14-23 
cycle, 14-3 
electronically 
controlled, 13-6, 21-22 
energy and time table, 14-19 
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flash welding, 13-7 

flash welding data, 14-20 

gun type, 13-7 

high frequency, 13-13 

manual, 13-5 

machines, 13-3, 14-1, 26-4 

metal foil welding, 13-11 

nugget, 13-4 

principles, 13-1, 13-3, 13-5 

projection welding, 13-9 

safety, 13-14 

seam welding, 13-8 

shot welding, 13-7 

spike, 13-10 

timing, 13-3, 14-3 

tools, 14-22 

transformer, 14-2 

types, 13-4 

upset welding, 13-7 
Req., welding code, 27-1 

pipe welding, 27-25 
Rings, backing, 27-27 
Rising voltage, welding 

machine, 12-13 
Rivet cutting, 3-14 
Rockwell hardness tests, 22-19 
Rods, welding, 2-37 

chemical analysis, 2-38 

code, 2-37 

packaging, 2-37 

sizes, 2-37 

specifications, 2-37, 2-38 
Rosette weld, 1-28 
Running a bead, 1-24, 5-9 
RWMA, 14-1, 14-7 


S 


S. A. E. Numbers (see Soc. of 
Automotive Eng.), 24-17 
Safe prac., soldering, 15-13 
Safety in inert gas-arc 
welding, 11-23 
Safety, resist. welding, 13-14 
Safety equipment 
arc cutting, 9-7 
cadmium oxide, 16-25 
clothing, 2-32, 2-33, 5-4, 5-5 
gloves, 2-32, 7-10 
goggles, 2-31, 2-32 
leather jacket, 7-10 
leather leggings, 7-10 
ventilation, 6-1 
Scleroscope, 22-20 
Seam welding, 13-8, 14-15 
Self-generating gas welding 
equipment, 17-18 
Sequence controls, 21-13 


Shape cutting, 3-18 
Shields, arc welding, 6-28 
Shop, welding, 26-1 
Shop policy, 26-17 
Short-arc welding, 11-16 
Shot welding, 13-7 
Shutting down arc welding 
machine, 5-24 
Silver brazing, 16-10 
Silver soldering, 15-2 
Slot welding, 1-28 


Solder 
body, 24-5 
flux, 15-3 


lead-tin alloys, 15-2 
melting temperatures, 15-2 
silver, 15-2 

tinning, 15-5, 15-7 
wiping, 24-5 
Soldering, 1-9 

alloys, 15-1, 15-2, 15-3 
aluminum, 15-12 
copper, 15-6 

copper tubing, 15-9 
dip-bath method, 15-10 
flux, 15-3, 15-4 

hard (see Brazing) 
irons, electric, 15-10 
magnesium, 15-13 
principles, 15-1 

silver, 15-2 

soft, 15-1, 15-2 
stainless steel, 15-10 
torch, 15-8 
Solenoid valve, 21-5, 21-6 
Spark test, 24-9, 24-14 


Special cutting processes, 19-1 


Specific heat of metals, 28-4 
Specimens, test, 22-1 
Spike welding, 13-10, 14-13 
Spot welder 
capacitator type, 14-13 
KVA settings, 14-11 
portable, 14-12 
tip alignment, 14-24 
wiring circuit, 14-13 
Spot welding, 13-5, 14-9 
aluminum, 13-7 
controls, 14-9 
defects, 14-24 
electrodes, 14-6 
inert gas, 11-23 
Spray arc current 
requirements, 11-15 
Spray arc method, 11-15 
Spraying metal, 20-10 
Stabilizer, arc, 8-12 
Stainless steel, 18-7 
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austenitic, 18-8 
brazing, 16-15 
cutting, 19-9 
ferritic, 18-9 
martensitic, 18-9 
Standards and codes 
American Welding 
Society, 27-2 
Starting metal arc welding 
station, 11-17 
Steel 
alloys, 24-3 


bronze welding, 16-1, 16-2, 16-3 


hardening, 25-8 
heat treatment, 25-1 
high-carbon, 25-8 
identifying, 24-9 
manufacturing, 23-1 


maraging nickel welding, 18-11 


numbering systems, 24-17 
open-hearth, 23-9 
properties, 24-2 
stainless 
austenitic, 18-8 
ferritic, 18-9 
martensitic, 18-9 
tempering, 28-3 
Stellite, 20-6 
Stresses, 24-2 
types of, 24-3 
Striking an arc, 5-8, 7-9 
TIG, 11-8 
Stud welding, 17-9 
Stud welding gun, 17-11 
Submerged arc welding, 17-2 
Surfacing, processes, 20-4 
Surfacing, hard, 20-3, 24-22 
soft, 24-22 


Symbols, welding, 28-12, 28-15 


T 


Tack welds, 1-26, 5-17 
Tanks (see Cylinders) 
T-weld, 1-31, 5-12, 5-13 
Temperature, 28-1 
eutectic, 24-5 
measurement, 25-13 
scales, 28-3 
Tempering, 25-8 
cold chisel, 25-10 
table, 28-3 
Tensile strength, 22-13 
Tests and testing welds 
air pressure 22-9 
bend, 22-20 
Brinell, 22-20 
charpy, 22-11 
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chemical, 24-13, 24-16 
destructive, 22-2 
for leaks, oxyacetylene 
station, 1-14 
fracture, 22-11 
free bend, 22-10 
halogen, 22-10 
hardness, 22-17 
instruments, 21-15 
impact, 22-11 
izode (see Charpy) 
macroscopic, 22-24 
magnaflux, 22-2 
magnetic, 22-3 
microscopic, 22-23 
nondestructive, 22-2 
operator, 27-1 
pneumatic, 22-9 
qualification, 27-1 
Rockwell, 22-19 
scleroscope, 22-20 
spar, 24-9, 24-14 
tensile, 27-14, 27-15 
torch, 24-11, 24-16 
X-ray, 22-2, 22-6 
Tests for welders, 27-1 
Thermit reaction chemistry, 
28-9 
Thermit welding, 17-19 
Three-way valves, 21-6 
Thyratrons, 21-9 
Thyratron tubes, 21-11 
TIG tungsten inert gas arc 
welding (see gas. tung. arc 
weld,), 11-2 to 11-4, 11-7 
Timers, 21-7 
Tinning, 15-5, 15-7 
Tips, torch, 2-27, 2-28 
cleaners, 2-29 
cutting, 4-3 
types, 2-28, 2-29 
welding, 2-28 
Titanium, 24-23 
Tool and die welding, 18-5 
Tool 
steel welding, 18-6 
welding shop, 26-1 
Torch 
adjustments, 1-19 
air-acetylene, 2-30 
angles, 1-28, 1-30 
backfires, 1-19 
cutting, 3-2, 4-2 
equal pressure, 2-25 
gas metal-arc, 12-23 
guides, 4-6, 4-7 
hand cutting, 3-2 
lighters, 2-33 


lighter and economizer, 2-33 
lighting, 1-15, 1-18 
motions, 1-20 

multiple, 4-10 

soldering, 15-8 

test for metals, 24-11, 24-16 
tip drill size, 26-24 

tips, 2-26, 2-28 

types of, 2-24 

valves, 2-25, 2-26 
Tracers, 

electronic, 4-9, 4-10 
magnetic, 4-10 
Truck, cylinder, 4-1 

Tube welding, 18-49 to 18-51 
Tungsten electrode, 

current carrying capacity, 11-22 
holder, 11-4 

nozzle sizes, 11-7 

position, 11-12 

shapes, 11-8, 11-12 

sizes, 11-6 

torch, 11-4 
Tungsten, electrodes care of, 

11-2, 12-20, 12-21 

Two-stage regulators, 2-16 


U 


Ultrasonic inspection, 22-5 
Ultrasonic welding, 17-25 
Undercutting, 5-15, 5-16 
Underwater arc welding, 17-14 
Underwater cutting, 19-5 
electrode, 19-7 
oxy-fuel gas, 19-3 
oxygen-arc, 19-5 
Upset welding, 13-7, 14-18 


V 
Vacuum furnace, 23-15 
Valves 
cylinder "cracking" and 


opening, 1-14 
oxygen cylinder, 2-5 


Modern Welding 


Variable speed motors, 20-1, 20-2 
Ventilation, 26-4 
Vertical surface arc 
welding, 5-21 
Voltage drop, 6-2, 6-13 


W 


Water controls, 21-5 
Water-cooled torch, fuse 
protection, 12-10 
Weld appearance, 1-36 
Welder qualification, 27-1 
procedure, 27-5, 27-15 
records, 27-18 
retests, 27-22 
test results required, 27-17,27-21 
test welds required, 27-13, 27-20 
testing specimens, 27-15 
tests, 27-9 
Welder rectifier, 6-9 
Welding 
atomic-hydrogen, 17-14 
backhand, 1-35 
beryllium, 18-30 
booths, 26-4 
brass, 18-27, 18-28 
bronze, 18-28 
cables (see Leads) 
cast aluminum, 18-22 
cast iron, 18-13, 18-14, 18-15 
copper, 18-24, 18-26 
copper alloys, 18-24 
copper nickel alloy, 18-28 
current for various 
metals, 11-10 
definition of, 1-9 
die castings, 18-23 
electrodes, 6-21 
electrode selection, 7-13 
fixtures, vertical and 
overhead, 5-22 
flames, 1-10 
fluxes, 2-37 
gases, 2-34 


30-8 


gauges, 2-31 
goggles, 2-31 
goggle shade numbers, 2-32 
gun, 13-7 
hose, 2-23 
lead, 18-30 
maraging nickel steel, 18-11 
magnesium, 18-23 
multiple beads, 1-36 
pipe, 18-34 
pipe joints, 18-39, 40, 44 
plastic, 18-31, 18-32 
positions, 1-31 
rod, 2-37 
safety, 17-30 
shop, 26-1 
shop equipment, 26-1 
supplies, 2-34 
symbols, 28-12 
test equipment, 26-14 
thermit, 17-19 
tip cleaner, 2-29 
titanium, 18-30 
torch tip sizes, 1-15, 2-27 
torch, 2-14 
equal pressure type, 2-25 
injector type, 2-28 
tube, 18-36 
tube joints, 18-49 to 18-51 
wrought aluminum, 18-21 
zirconium, 18-31 
Welding rods, 2-37 
Wire (see filler rods and rod) 
Wire brushes, 6-27 
Wire gauge, 28-13 
Workmanship, code 
requirements, 27-1 
Wrought iron, 23-5 


X 


X-ray inspection, 22-3 


Z 


Zirconium, 24-24 
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